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I his  report  presents  the  results  of  a study  of  the  corrosion  resistance  and  strength 
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All  the  stainless  steels  tested  (AISI  201.  AISI  .101.  Armco  18-2.  AISI  4.10.  and 
AM  .1(1.1)  have  surfieient  strength  and  corrosion  resistance  in  freshwater  to  qualify 
them  as  siihstitiite  wire  fabric  materials.  However,  only  AISI  .101  and  AISI  201  evi- 
denced siifl'ieient  corrosion  resistance  in  brackish  water  for  the  period  tested.  Addi- 
tional test  data  are  needed  to  evaluate  their  overall  corrosion  resistance.  In  addition, 
all  the  stainless  steels  tested  were  found  to  be  unsuitable  for  welded  use  in  brackish 
water  environments. 

The  bimetallic  materials  evaluated  (C'opperweld*  and  galvanized  steel)  performed 
satisfactorily  with  respect  to  corrosion  resistance,  although  silt  covering  enhanced  the 
resistance.  The  galvanized  w ire,  however,  has  inadequate  adherence  of  the  zinc  to  the 
steel  when  deformed.  The  copperclad  wire  exhibited  extremely  rapid  corrosion  when- 
ever the  copper  cladding  was  ruptured.  More  data  are  needed  to  evaluate  the  resist- 
ance of  the  bimetallic  materials  in  salt  w ater. 

Of  the  organic  coatings  evaluated — VMCH  (a  vinyl  resin),  polyvinyl  chloride,  and 
polyethylene — only  VMCH  failed  to  provide  adequ.'ite  corrosion  resistance  for  carbon 
steel  wire  in  the  Mississippi  River.  However,  handling  difficulties  preclude  use  of 
these  materials  unless  handling  equipment  is  extensively  mixlified. 
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exposures  of  up  to  approximately  4 years  in  fresh- 
water and  I S months  in  brackish  water. 


EVALUATION  OF  THE  CORROSION 
RESISTANCE  OF  ALTERNATE  REVETMENT 
WIRE  FABRIC  MATERIALS  IN  THE 
LOWER  MISSISSIPPI  RIVER 


1 INTRODUCTION 
Background 


Approach 

T his  study  was  conducted  in  tour  phases;  candi- 
date material  selection  and  screening,  exposure 
tests,  sensitization  evaluation  tests,  and  laboratory 
corrosion  assessment  tests. 


T he  I'.S.  Armv  (Orps  ol  loigineers  has  been  suc- 
cesstully  revetting  the  lower  banks  of  the  lower 
Mississip()i  Kncr  with  articulated  mats  for  many 
years.  The  revetments  are  composed  ot  wire  fabric 
(Figure  1 1 cast  into  concrete  slabs  io  form  articulated 
units  (Figure  2).  I hcsc  unus  arc  assembled  to  form  a 
concrete  mattress  ol  the  desired  length  and  width. 
These  mattresses  arc  then  secured  to  the  prepared 
river  hanks  with  steel  cables  and  placed  as  shown  in 
Figure  .4.  The  aniour.t  of  wire  required  for  the 
annual  revetment  program  is  between  HO  and  I "'() 
million  linear  feet  (24  to  52  million  meters). 

The  wire  used  in  the  revetment  fabric  must 
possess  corrosion  resistance  and  high  strength.  Ini- 
tially. onlv  two  materials  were  accepted  for  this 
application;  American  Iron  and  Steel  Institute 
(AISI)  .fOI  stainless  steel,  and  copper-clad  carbon 
steel — specirically  ( opperweld*  wire.  However,  the 
rising  costs  of  nickel  and  copper  and  recent  techno- 
logical advances  in  new  materials  have  prompted  in- 
vestigations of  the  possible  existence  of  other,  less 
costly  materials  which  can  meet  the  same  require- 
ments. Acceptance  of  additional  materials  would  in- 
crease the  number  ol  wire  labric  suppliers,  thereby 
further  reducing  costs.  As  an  initial  result  of  these 
tests,  the  speeifications  tor  the  labric  were  expanded 
to  include  stainless  steels  AI.SI  201.  AI.Sl  4.T0,  AM 
.Th.T,  and  Armco  IH  2.  Sixty-six  hundred  squares  of 
AISI  201  are  now  scheduled  to  be  furnished  under 
an  existing  labric  contract. 

Objective 

I he  objective  of  this  study  is  to  evaluate  candidate 
wire  fabric  materials  as  alternatives  to  ('opperweld 
and  AISI  .401  stainless  steel  in  articulated  concrete 
revetment  mattresses.  I he  purpose  of  the  phase  of 
the  study  documented  in  this  report  was  to  assess  the 
corrosion  resistance  and  strength  of  alternate  ma- 
terials based  on  short- term  electriKhemical  labora- 
torv  tests,  laboratory  sensitization  evaluations,  and 


•(  opjKTWfltl  IS  j loidt-miirk  iil  ( op(x‘no-l<t  ( orjxiralion. 


Malvrial  Svlcctinii  ami  .Vcrccumg 

T hree  classifications  of  w ire  fabric  materials  were 
evaluated — stainless  steels,  bimetallics,  and  organic 
coatings  on  plain  carbon  steel.  Candidate  materials 
from  probable  fiMure  suppliers  were  selected  and 
screened  for  compliance  with  the  established  me- 
clianical  properties  specified  for  revetment  fabrics.' 
as  listed  in  section  2 of  the  appendix.  Except  for  the 
galvanized  wire,  which  failed  the  wrap  test,  only  ma- 
terials meeting  the  requirements  were  selected  for 
further  study.  A standard  low-carbon  steel  and  the 
materials  currently  permitted  in  the  specification 
were  also  tested  to  provide  data  for  comparison. 
Chapter  2 presents  information  on  the  specific  ma- 
terials tested,  as  well  as  background  information  on 
the  eorrosion  resistance  of  the  three  material  classi- 
fications studied. 

Iw/xisiirc  Tcsls 

Since  the  best  metluKl  of  evaluating  a material's 
corrosion  resistance  to  a specific  environment  is  to 
subject  it  to  that  environment,  corrosion  tests  were 
made  in  the  Mississippi  River.  The  seleeted  materi 
als  were  fabricated  into  specimen  bliKks  and  ex- 
posed to  the  Mississippi  River  for  time  intervals 
ranging  from  I to  55  months,  fhc  exposures  were 
made  at  Delta  Point.  LA  (near  Vicksburg.  MS)  aiul 
a site  near  New  Orleans.  T he  Delta  Point  samples 
were  lost  in  the  IT^.f  spring  flvHKfs.  Additional  wire 
specimens,  including  some  that  were  spot-welded, 
were  prepared  and  exposed  in  a brackish  water  site 
in  the  Michoud  Canal  located  near  New  Orleans. 

Alter  exposure  for  the  desired  time,  the  s|iecinieris 
were  removed  and  returned  to  the  C.S.  Army  Con- 
struction Fngineering  Research  l.aboratory  (CF'Rl.) 
for  evaluation.  Results  were  eompared  with  those  for 
the  standard  low-carbon  steel  and  the  materials  cur- 
rently permitted  in  the  wire  fabric  specification. 

'SfU'i  ilii'anitns  Inf  l-tul  Iwixi  Wirfx  (Wire  h'nrnixt  amt  .S'rruiyttr 
M'lrvx,  .Soticitiinon  (No.  OACWw>-70-R-00S0  (Corps  of  CngiiUHTs 
Memphis  Disiriet, 
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ChapIiT  licscrihfs  sptviimn  (.ihrualiott  and  thi’ 
evaluation  procedure  in  del.nl  .ind  presents  the  re 
suits  ol  the  exposure  tests 

Si  nsiiiziiiKin  I I itliuiiinii  I c\i\ 

Sensiti/ation  ol  stainless  steel  is  .i  loeali/ed  eorro 
sion  attack  ^eneralK  associated  with  the  depletion  ol 
ehronmini  in  the  heat  alleeted  /one  ol  a welded 
eoniponent.  I he  .ireas  ad]aeeiit  to  the  grain  bound. i 
lies  .ire  allaeked.  leading  to  biiliire,  lo  determine 
the  sensiti/ation  resistance  ol  the  stainless  steels,  as 
received,  welded,  and  intention, ilK  sensiti/eil  wires 
were  tested  using  the  f>5  percent  boiling  mine  acid 
or  Huev  test  ( hapler  4 details  this  proeeilure  and 
the  results  obtained 

/ iihtiriiKm  (iirnisiiin  /esM 

I ahoralorv  tests  were  also  retpiired  to  .uleqiialelv 
eharaeleri/e  the  materials"  corrosion  resislanee  and 
provide  inlormation  needed  lo  permit  rational  com 
parison  ol  the  corrosion  eharaelerislies  ol  dillerenl 
materials  I he  corrosion  resislanee  ol  ihe  stainless 
steels  was  studied  using  the  eleciriKhemieal  method 
III  the  laboralors  under  various  eiiMronmeiilal  eon- 
dilions  ( hapler  > describes  this  method  and  the 
results  ol  the  tests 

2 MATERIALS 

I able  I lists  the  niateri.ds  lesletl  and  their  sup- 
pliers and  I able  2 gives  price  inlorimilion  I he 
lollowing  sections  list  the  s|recilic  materials  evalii 
.lied  111  each  ol  the  three  maleri.d  elassiriealions  and 
discuss  general  eharacleristies  ol  the  corrosion  be- 
haviot  ol  the  material  tvpes. 

Stainless  Steels 

The  stainless  steels  ol  interest  m this  pro)Ccl  were 
low  cost,  primarilv  low  nickel,  stainless  steels.  I hree 
austenitic  stainless  steels  (.MSI  201.  AISI  101 , and 
Armco  IS-2).  one  lerritic  stainless  steel  (AISI  4 Wl). 
and  one  martensitic  stainless  steel  (AM  ,t(i.4)  were 
chosen.  (AISI  ,V)I  is  currently  used  in  revetment 
labrics.)  Table  1 gives  the  chemical  compositions  ol 
the  stainless  steels 

Stainless  steel  seems  to  be  an  attractive  material 
in  terms  ol  long  term  corrosion  resistance  and  ease 
of  t'ahrication  by  conventional  methiHls  Ihe  corro- 
sion resistance  ol  stainless  steels  has  been  attributed 


lo  the  lormation  ol  an  adherent,  passive  surlace 
layer.'  However,  corrosion  (K'Ciirs  whenever  there  is 
a breakdown  in  this  passive  Him, 

I’ltimg,  the  most  common  type  ol  corrosion  m 
stainless  sleds,  generally  occurs  in  high-chloride 
environments  I’ltling  is  a sell-initiated  attack,  char 
acteri/cd  by  severe  liK'ali/ed  corrosion.  T he  suscepti- 
biliiv  ol  a stainless  sled  lo  pitting  is  reduced  bv  the 
addition  ol  nickel  and  molybdenum;  the  higher 
nickel  austenitic  stainless  steels  are  Ihe  most  re- 
sistant.' 

Other  types  ol  corrosion  that  attack  stainless 
sleds  mdude  crevicing,  stress  corrosion,  and  inter- 
granular corrosion  alter  sensiti/ation.  ( revice  attack 
generally  (K'curs  as  a result  ol  either  oxygen  deple- 
tion due  10  accumulation  ol  organic  material  on  the 
surlace,  or  the  presence  ol  a stagnant  environment 
induced  by  geometry.  Loop-ended  specimens  (de- 
scribed in  C hapter  ,T)  were  used  in  an  attempt  to 
torm  a stagnant  layer  in  the  region  where  the  wire 
contacted  itsell.  Stress  corrosion  cracking,  which 
generally  occurs  in  highly  stressed  components  in  an 
aggressive  environment,  has  been  lound  lo  be  a 
problem  with  stainless  steels  in  saltwater  environ- 
ments; however,  no  stress  corrosion  tests  were  con- 
ducted in  this  study. 

Bimetallic  Materials 

Bimetallic  materials  arc  widely  used  where  corro- 
sion resistance  is  required.  T he  bimelallics  chosen 
lor  evaluation  were  carbon  steels  dad  with  either 
copper  or  zinc.  The  /inc-dad  specimen,  which  was 
used  even  though  it  tailed  Ihe  wrap  test,  was  LL.S. 
Sled  T'yix-  C galvani/ed  wire,  and  the  copper-dad 
wire  was  Ihe  ("opperweld  material  currently  in  use 
lor  revetment  fabrics.  A standard  low-carbon  sled 
w as  also  tested  lo  prov  ide  data  lor  comparison. 

In  the  copper-dad  steel,  Ihe  copper  is  used  as  a 
protective  coaling  for  Ihe  steel.  Due  lo  a difference 
in  eleciriKhemieal  potential,  however,  this  combina- 
tion can  cause  rapid  corrosion  where  the  underlying 
steel  is  exposed.  T he  /inc  coating,  on  the  other  hand, 
inhibits  corrosion  in  two  ways:  by  protecting  the 
surface  of  Ihe  steel,  and  by  corroding  sacrificially. 
thereby  cathiKlically  protecting  the  steel  surface. 
T bus,  although  none  of  Ihe  galvani/ed  w ires  survived 

'I..  I..  Shri'ir.  ('nrntMon.  Vul  I Ijotin  Wiley  ami  Sons.  Ivtntl, 
pp  1..S.S  ,t..S7. 

II  H I'hhg.  ( 'orrm/ofi  iim/  Comi.wiin  Cnnfnil  Ijohn  VVilcv 
ami  Sons,  IWh.l) 
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Ihi-  »r;ip  Icsi  with  then  /me  coaliiu;  mlael.  the  /me 
Mill  ('flereil  pmieetinn 

Organic  Coatings 

( oeerinii  Meel  wire  with  urf;anie  enatmgs  is  a 
niethiKl  lit  priKhieiiu;  a lm;h  stienyth,  eorrosioii 
resistant  pnxliiet  Ot  partieiil.ir  interest  are  the  poiv- 
nier  eoatiiu;s.  whieh  are  inipers ions  to  eleetriKhenii 
eal  eorrosioii.  do  not  deleriorale,  .iiui  uenerally  do 
not  reaet  with  the  priKliiel  thee  eoat.  However,  lor 
orttanie  eoatmi>s  to  he  [iraetieal  lor  lahrieation  ol 
w ire  tahries.  thev  niiisl: 

1.  Inhibit  eorrosioii  ol  steel  wire  in  both  tresh 
and  braekish  w ater  en\ ironnients 

2.  Be  easily  applied 

V He  easily  lahrieated 

4 Be  nonporoiis 

s Hase  ijoixl  adherenee  tosieel 

b.  Meel  phvsieal  reipiirements  lor  handlinij  and 
laimehiniu’ 

Be  durable 

M.  Be  eeononiieal  m terms  ol  initial  eosi  and  ap- 
pheation. 

Most  ol  the  orijanie  eoalings  available  meet  lliese 
eriteria  except  lor  adherenee  and  the  physieal  re 
c|uirenients  slated  m the  appendix.  I hree  eoatintts 
whieh  could  possibly  meel  the  above  requirements 
were  Imind — polvvinvl  ehloride  (l*V  ( ).  polyethylene, 
and  V M(  H (a  proprieltiry  vinyl  resin  eoatinj;  ol 
I’nion  C arbide  Company).  I he  I’VC  and  \ M(  II 
eoaliiiKs  are  applied  by  dipping  the  eomponeni  into 
the  hquivi  eoatm^;  alter  labrietilion  and  leltmn  the 
amount  that  adheres  cure  on  the  surlaee.  Alter 
eunnii  (drvin)^).  the  eoalmy;  is  ready  lor  use  Kepub- 
lie  Steel's  polyethylene  eoatin^;.  on  the  other  hand,  is 
extruded  onto  the  wire  belore  lahrieation.  Prior  to 
exiru.ion.  the  steel  wire  surlaee  is  abraded  and 
covered  with  a mastic  undercoatmu. 

3 EXPOSURE  TESTS 
Specimen  Febricatlon  and  Placement 

I wo  sets  ol  w ire  senmenls.  approximately  l .t  in. 
(.TV)  mm)  loiiK.  were  cut  Irom  each  material.  One  set 
ol  each  material  had  the  wires  looped  about  them 
selves  at  one  end  while  the  other  set  was  lell  straijjlit. 


I he  VMC  II  organic  coating  was  applied  at  CFKl,. 
while  the  PVC  and  polyethylene-coated  wires  were 
procured  already  coateii.  All  coatings  were  applied 
prior  to  casting.  I he  I’VC-coated  s()ecimcns  con 
sisted  ol  rectangular  sections  cut  from  mesh,  with 
the  severed  ends  lelt  open  to  expose  the  steel.  I he 
P coaling  was  generally  nonunilorm.  ranging  in 
thickness  from  O.OlO  toO.Ol.l  in.  (0.2.S  to  0..V1  mm), 
with  the  lop  surlaee  thinner  than  the  bottom.  Large 
drips  were  present  in  some  instances.  I he  thickness 
ol  the  polyethylene  coaling  was  nominally  0.028  in. 
(0."'l  mm)  and  was  extremely  uniform.  I he  quality 
of  the  coating  was  excellent.  The  thickness  of  the 
V M(  II  coating  ranged  from  O.IMXi  to  0.008  in.  (O.I.s 
to  0.20  mm,  and  was  very  uniform;  however,  en- 
trained air  ' iibhles  were  present.  I he  VMCH  coat- 
ing. allhoe<.i  apparently  brittle,  survived  the  tensile 
tests. 

I he  wire  specimens  were  then  cast  into  b in.  x 
bin.  X .lb  in.  (152  mm  x 152  mm  x 0.0  m)  concrete 
blocks.  Table  4 gives  the  composition  of  the  con- 
crete. w hich  was  alkaline  (pH  1 2)  and  may  have  been 
somewhat  porous,  since  it  was  not  vibrated  during 
casting.  I he  wires  were  embedded  up  to  about  one 
tialf  their  length.  Wires  w ith  looped  ends  were  set  so 
Ihe  ItHip  was  exposed  to  the  water,  as  shown  in 
Figure  4. 

Ihe  hliK'ks  containing  (he  wires  were  placed  in 
racks  (Figure  5)  and  lowered  into  the  river  at  Ihe  two 
test  points.  Due  to  late  arrival  of  some  samples,  all 
exposures  did  not  begin  at  Ihe  same  time.  ITie  first 
group,  consisting  of  carbon  steel.  AlSl  .101,  t'vipper- 
weld.  AISI  4.K).  galvani/ed  steel,  polyethylene 
coated  wire.  PVC-coaled  wire,  and  V'MCTI-coalcd 
wire,  began  ex|iosure  in  May  1472.  The  second 
group,  containing  carbon  steel.  AlSl  .101.  Copper- 
weld.  AISI  201.  Armco  18-2.  and  AM  .Ib.l.  began 
exposure  in  November  I4"'2.  To  date,  the  specimen 
bliK'ks  have  been  exposed  for  peruxis  ol  I.  3.  b,  12. 
18.  21.  .lb,  4.1,  and  55  months.  T able  5 gives  the  date 
of  immersion  and  length  of  exposure  for  each  speci- 
men bhx'k. 

Evaluation  Procedure 

After  exposure  for  Ihe  desired  time,  the  specimen 
blocks  were  removed  and  sent  to  CFIKI.  for  evalu- 
ation. Corrosion  resistance  was  first  evaluated  by 
macroscopically  examining  the  condition  of  Ihe 
wires  just  after  removal  from  the  water.  I he  remain- 
ing silt  and  organic  matter  were  removed,  and  the 
wires  were  examined  for  large  pits,  crevices,  or  areas 


II 


I'l  locali/cit  allack.  I he  ii>alin^;s  wen-  also  clkckcil 
lor  ahrasion.  cross  siaiional  attack,  atul  ncticral 
deterioration 

I he  wires  were  then  rennned  Irom  the  concrelc 
hl(K'ks  (or  (iirtlicr  csaniination.  I he  entire  lent;th  o( 
each  wire  was  InlK  esamined  at  a low  niai>nitieation 
(10\)  lot  pits  anvwhere  aloiif  the  leni;th.  erexiee 
attack  in  the  loop-ended  speeitnens,  preferential 
attack  where  the  wire  speeiinen  entered  the  eonerete 
or  at  the  severed  ends,  and  (onnation  ol  corrosion 
priHluels  at  the  severed  ends  ol  the  hiinelallie  and 
oryanietillv  coated  wires.  In  aildition.  the  oii>anie 
coatings  were  cheeked  (or  porositv  and  resistance  to 
splittiiu;  w here  corrosion  priKliiels  had  aeeninnlaled. 

Specimens  witli  peculiar  appearances,  particularly 
the  yahani/ed  and  earhon  steel  wires,  were  ex- 
amined III  the  seannini;  electron  mieroseope  tS(  M). 
■\  visual  examination  was  also  perlornied.  priniariK 
to  discern  the  presence  o(  l;iri>e-seale  corrosion  and 
whether  it  iKcurred  at  a particular  loealion,  such  as 
at  the  stai;nant  layer  in  the  looped-etid  specimens. 

Where  corrosion  was  observed,  the  specimens 
were  sectioned  (or  metallot;raphie  siiidv.  I his  leeh- 
im)ue  was  used  extensively  to  assess  the  presence  and 
rate  o(  attack  in  the  himetallie  w ires 

Measiirim;  the  ehatiije  in  eleetrieal  resistance  that 
iK'curred  over  a time  interval  was  the  second  meltuHl 
used  to  determine  the  presence  ol  corrosion.  Resist- 
;mee  measurements  have  the  advantai;e  o(  siniplieilv 
of  teehniqiie  and  repriKlueihilitv  of  results.  C'hatijjes 
that  arise  from  corrosion  result  from  a ehani;e  in  itie 
wire  cross  section  Both  loeali/ed  corrosion  and  uni- 
form alltiek  cause  an  increase  in  resistance.  In  (gen- 
eral. corrosion  priHluets  have  a tniieh  higher  eleelri- 
cal  resislivitv  tlian  do  the  metals  on  winch  tliev  form 
and  llierelore  do  not  interfere  wiili  resistanee  nieas- 
iirements.*  I he  eoaliiu;s  were  removed  from  the 
specimens  coated  witft  orj'anie  nialeritds.  and  resist- 
anee was  measured  with  a milliohm  meter  aloii^  a 
■4  111.  (102  inni)  leiiy>tli  of  wire  which  mehided  the 
retjion  ol  wire  emer^jing  from  the  eonerete  block. 
Resistanee  after  exposure  was  then  compared  with 
resistanee  of  unexposed  wires. 

I he  third  method  (or  determining  if  corrosion  had 
occurred  was  measurement  of  changes  in  mechani- 
cal proix-rties.  I Ills  metluHl  is  particularly  important 

*f  A ( ti.'ini[iiiin.  ( iirrnMuti  /i-snee  l*nn-ritiiri'\  (Jithii  Wik-v 
an<t  Sons,  I 'HiSl.  p 2 14 


111  ihe  design  of  the  structure  if  there  is  a tune 
related  loss  of  strength  or  duetilitv.  i he  metluKl  will 
reveal  the  presence  of  corrosion  undetected  by  other 
me.isurements,  since  corrosion  anywhere  along  Ihe 
length  allects  the  mechanical  properties,  and  lailure 
always  occurs  at  the  weakest  point.  Mechanical 
properties  also  indicate  the  severity  ol  corrosion, 
since  there  is  initially  a decrease  in  ductility  but 
little  reduction  in  strength.  As  the  corrosion  process 
continues,  the  ductility  remains  low  and  the  strength 
of  the  component  starts  to  decrease.' 

.After  macroscopic  examination,  the  wires  were 
tested  in  tension  to  failure.  The  maximum  load 
tensile  strength,  reduction  in  area,  and  the  strain  at 
tiiiliire  were  measured.  The  fracture  surfaces  were 
then  inspected  and  the  Itxalion  of  the  fracture 
noted.  The  behav  ior  of  the  coalings  on  the  bimetallic 
and  organically  coaleil  s|)ecimens  during  testing  was 
also  observed. 

Results 

fables  b and  present  the  resistanee  measure- 
ments lor  the  specimens  in  freshwater  and  brackish 
water,  respectively;  Tables  8 through  17  give  the  re- 
sults of  Ihe  mechanical  property  tests. 

Slitinless  Sleds 

AISI  201.  Corrosion  data  on  AISI  201  stainless 
steel  exposed  to  the  Mississippi  River  have  been 
obtained  for  b-.  18-.  .40-.  .46-.  and  4.4-nionth  expo- 
sures. Although  the  wires  were  heavily  fouled  with 
organic  matter,  macroscopic  and  microscopic  ex- 
aminations indicated  no  pitting,  even  on  the  ends 
where  Ihe  wire  samples  were  severed.  Hxamination 
of  looped  specimens  showed  no  indication  of  crevice 
attack. 

No  signilicani  change  in  resistance  iHicurred 
during  these  exposure  intervals  ( Table  6). 

During  testing,  this  material  did  not  exhibit  a 
yield  point  anil  strain-hardened  to  failure;  conse- 
quently. the  tensile  strength  was  equal  to  the  failure 
strength  ( Table  8).  In  Ihe  exposed  specimens,  tensile 
strength  did  not  decrease  with  exposure  lime.  The 
reduction  in  area  was  about  the  same  as  for  unex- 
posed  wire.  Fracture  generally  ivcurred  along  Ihe 
exposed  section. 


'(  hanipion,  p 224 
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S.ini|ili-s  ot  MSI  201  o\poM.'>t  111  ihv  MkIiciiu! 

( anal  brackish  vvaliT  cite  were  rcinou-il  .Oict  Is 
months  ol  ceposure  V\  hen  icnnneit  trom  the  ualcr. 
the  specimens  were  lua\il\  eiieriisletl  with  marine 
tile  The  s|x-eimeiis  wer-  cleaiieil  aiul  esammeil 
visualK;  no  iiulnaiiotis  ol  eorrosion  were  louml 
I he  resistance  measurements  ami  i leehanieal  prop 
erties  tests  eonrirmeil  this  riinlim; 

Spot  welded  specimens  ol  AISl  201  were  also  es 
posed  in  the  Miehond  ( anal  hraekish  water  site. 
.After  cleaning,  extensise  eorrosion  attack  could  he 
seen  in  the  weld  region  (f  igure  h);  this  eorrosion 
progressed  into  the  interior  of  the  w ire.  No  eorrosion 
attack  was  seen  elsewhere. 

AISI  301.  F reshwater  eorrosion  data  lor  AISl  ,301 
have  been  obtained  lor  1 , h-.  1 2-.  I8-.  24-,  .30-, 

.3(1-.  4.3-,  and  S.S-month  exposures,  ineluding  tests 
initiated  in  the  spring  and  tall.  I he  longer  term  ex- 
posure samples  were  heavilx  encrusted  with  silt  and 
organic  matter.  Howeier,  neither  macro-  nor  miero- 
seopie  examination  revealed  anv  pitting.  No  crevice 
attack  was  observed  in  the  loop-ended  specimens. 

The  resistance  data  fl  able  b)  indicate  no  signifi- 
cant change  in  resistance  with  time  ot  exposure. 

t he  tensile  tests  ( I able  4)  revealed  that  AISl  .301 
is  a highly  strain-rale-sensitive  material  in  which 
ductility  can  be  greatly  increased  at  very  low  strain 
rates.  AISl  .301  did  exhibit  a yield  point  which  ex- 
ceeded its  capability  to  work-harden;  consequently, 
the  yield  point  was  equivalent  to  the  tensile  strength 
while  the  fracture  strength  was  somewhat  lower. 
I here  w as  no  change  in  reduction  in  area  w ith  time: 
the  fracture  locations  were  sufficientlv  random  to 
preclude  liK'ali/.ed  attack. 

The  brackish  water  specimens  of  AISI  .301  were 
heavily  covered  with  marine  life  when  removed.  I he 
specimens  were  carefully  examined  after  cleaning, 
but  no  corrosion  attack  was  seen.  No  loss  in  strength 
or  ductility  had  occurred  alter  I.S  months  ot  expo- 
sure, and  the  eleetrieal  resistance  values  across  the 
test  seetton  were  unchanged. 

Spot-welded  specimens  ol  AISI  .301  wire  heavily 
corroded  in  the  heat  atfeeted  /one  (just  outside  the 
weld  region).  Close  examination  ol  this  area  revealed 
that  the  interior  metal  was  either  missing  (cornxled 
away)  or  heavily  oxidi/ed.  I he  weld  regions  were 
lightly  attacked.  No  corrosion  was  observed  else- 
where. 


Armeo  18-2.  Results  have  been  obtained  lor 
Armco  lb  2 alter  freshwater  exposures  of  b.  18.  30. 
3(1.  and  4 3 months  No  surlace  deterioration  in  the 
form  ot  either  pitting  or  crevice  attack  was  found  on 
the  wire  surfaces.  Resistance  did  not  change  with 
exposure  time,  tndicating  a lack  of  corrosion. 

I he  tensile  tests  l iable  10)  showed  that  this  alloy 
has  low  ducttlitv  and  essentially  zero  reduction  in 
area,  either  because  the  wire  samples  were  heavily 
cold-worked,  or  because  of  their  small  diameters. 
I he  lack  of  ductility  could  result  in  the  material  tail- 
ing the  mechanical  properties  specifications. 

There  was  iio  loss  of  tensile  strength  due  to  expo- 
sure. nor  was  there  a decrease  in  ductility.  No  change 
in  reduction  in  area  as  a function  of  exposure  time 
was  observed, 

.Specimens  of  Armco  18-2  exposed  to  the  Michoud 
C anal  brackish  water  environ' lent  showed  minor 
corrosion  pitting  on  the  surface  ; Iter  15  months  of 
exposure.  This  indicatton  was  verified  by  a slight 
elevation  in  electrical  resistance  along  the  test  sec- 
tion. The  tensile  test  on  a straight  wire  specimen 
showed  a significant  48  percent  loss  in  strength. 

Spot-welded  s|iecimens  of  Armco  18-2  were  com- 
pletely corroded  through  in  the  heat-affected  zone 
(Figure  b)  after  15  months  of  exposure  in  brackish 
water.  Corrosion  extended  into  the  weld,  leaving  only 
a hollow  wire  surrounded  by  an  outer  skin  of  un- 
cornxled  material. 

Armco  18-2  is  therefore  not  suitable  for  use  in 
saltwater  environments. 

AISI  430.  Data  on  AISl  4.30  have  been  obtained 
alter  exposure  in  freshwater  for  periods  of  1 . .3,  b.  1 2, 
24.  ,3b.  and  55  months.  Many  of  the  speeimen  bliKks 
eontaining  this  wire  were  heavily  encrusted  with  silt 
and  covered  with  organic  matter  from  the  river. 
Macroscopic  examination  showed  the  surfaces  to  be 
free  of  pitting  and  crevice  attack  for  each  exposure. 
This  observation  is  supported  by  the  resistance  data 
for  this  material  ('Fable  b).  which  show  no  significant 
change  in  resistance  after  exposure. 

The  tensile  tests  performed  on  this  material  ( Fable 
1 1)  showed  that  it  work-hardens  to  failure.  No  yield 
point  was  observed  in  the  standard  tests,  nor  was  any 
significant  change  in  tensile  strength  observed.  No 
change  in  ductility  or  reduction  in  area  ivcurred. 
Fracture  generally  ix-curred  either  along  the  length 
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f\pu\ctl  to  llu-  waltT  or  ,il  itn’  >.  oik  role  k;iIit  iiiIit 
liiav 

l \posurcol  MSI  4 M)  \|H'(.iincMs  III  hr.Kki\ti  «;itiT 
riKiillfil  111  ob\ 'oii\  (.'orrosion  .illci  1 s iiuiiiihs  I if>iin.’ 

shows  siirtaci-  pillini;  and  dii'ii  corrosion  into  the 
interior  ol  MSI  4 'll  wire  samples  l ii^iire  M shows  a 
eloseiip  ot  the  interior  corrosion  Hecaiise  the  severe 
corrosion  att.ick  w as  aw av  Iroin  the  4-in.  ( 101 .1'  inin) 
test  section,  no  change  in  eleelrical  resislanee  w;is 
noted.  4 he  tensile  lest  results  I l ahle  I I ) show  a ,'H 
percent  loss  in  strength  and  a complete  loss  in 
ductility. 

Spol  welded  specimens  ol  .MSI  4,'()  (t-'i^ure  td 
were  complelelv  corriKied  thrmijrli  alter  I.S  months 
oh  exposure  to  brackish  water.  I he  worst  corrosion 
attack  iKCurred  m the  hea'  allecicd  /one  just  out- 
side the  weld.  I he  weld  itsei'  was  also  heavilv  cor- 
roded. and  other  regions  aloii).;  'he  leny’lh  ol  the  wire 
were  cornxled  and  porous. 

I hese  results  indicate  that  .MSI  4,Vl  is  not  suited 
for  use  in  s.diwaler  environments. 

AIM  .463.  I reshwaler  corrosion  data  on  AM 
a proprietarv  alloy  ot  \lle>>heiiv  I iKlluni.  have  now- 
been  i>alhered  lor  h-.  |H  . Mi  . and  4'  ntonlh  expo- 
sures. Neither  pilling  nor  crevice  attack  were  de- 
tected on  the  wire  surface  alter  exposure.  Kesistanee 
l iable  b)  did  not  change  with  lime.  eonrirtnm)>  the 
visual  inspeelion  results 

I he  tensile  tests  l iable  12)  indicated  no  loss  in 
tensile  strenitlh  during  the  exposure.  tracUires 
iK'eurred  in  random  locations  ih  the  w ires. 

AM  ,'63  samples  exposed  in  the  brackish  water 
environment  were  tieavily  encrusted  with  marine  life 
and  sill.  Alter  eleanin)>.  deep  pits  could  be  seen  at 
sites  where  barnacles  and  clams  had  attached  them 
selves.  I he  wires  were  most  heavilv  eorriKled  at  the 
clipped  end  exposed  in  the  salt  water.  The  interior  of 
the  wire  was  almost  eonipletelv  liollowed  out.  |iivinj> 
the  wire  a bonelike  appearance  (t'lgure  4).  ,A  si^jnit'i- 
cant  loss  ot  strenulh  was  delected  in  the  tensile  test 
l iable  12).  .No  ma)or  ehanyte  in  eleelrual  resistance 
was  noted  in  the  normal  test  section:  however,  this 
was  an  arlifael  ol  the  lest  mellnxl.  since  the  heavilv 
eorrmled  region  was  outside  the  normal  lest  section 
The  resistance  was  much  ^treater  in  the  heavilv  eor 
nxled  rej>ion. 

AM  36.'  sfH-eimens  which  were  spot  weldeil  and 


exposed  in  the  brackish  water  were  also  heavily  cor 
nxled  (I'igure  li).  ( lose  inspection  of  the  wires  alter 
cle.inin^  indicated  severe  corrosion  in  the  weld 
reition  and  complete  loss  ot  maleri;.l  in  the  heal- 
ariecled  /one  close  to  the  weld.  The  remainder  ol  the 
wire  aloii^;  the  length  away  trom  the  weld  was  also 
heavily  cornHied  and  had  a porous  (spongelike) 
appearance. 

I hese  results  indicate  that  AM  ,16.1  is  delinilely 
not  suited  lor  use  in  salt  water. 

Hinu'ltillic  M uH'nals 

Ixiw-Carbon  Steel.  Plain  carbon  steel  wire  was 
tested  solely  as  a standard  lor  comparison  with  the 
bimetallic  materials,  not  as  a candidate  wire  labric 
material.  Corrosion  ol  the  carbon  steel  occurred 
altei  a short  exposure  time  in  both  fresh-  and  brack- 
ish water.  Microscopic  examination  of  freshwater 
specimens  exposed  for  I month  revealed  the  pres- 
ence v)f  rust  along  the  length  exposed  to  the  water. 
After  longer  lime  periixls.  the  rust  was  more  promi- 
nent. and  accelerated  attack  was  observed  at  the 
region  where  the  wire  emerged  from  the  concrete  in 
both  fresh-  and  brackish  water  environments.  The 
accelerated  corrosion  attack  resulted  in  the  forma- 
tion of  a necked  region  (Figure  10).  It  was  estimated 
that  this  necked  region  could  be  eompletely  cornxled 
away  in  approximately  2 years.  Migh-magnirieation 
examinalivm  of  the  necked  region  revealed  that  the 
corrosion  iKcurred  in  layers  oriented  aUing  the 
length  of  the  wire.  Figure  II  shows  an  SF'M  photo- 
graph of  this  region.  In  contrast  to  the  rapid  attack 
that  vKcurred  along  the  length  exposed  to  the  water, 
no  corrosion  was  observed  along  the  section  em- 
bedded in  concrete.  This  was  attributed  to  the  alka- 
linity of  the  concrete.” 

Fleelrical  resistance  measurements  on  the  plain 
carbon  steel  wires  exposed  in  freshwater  showed 
little  change  in  the  first  months.  After  lb  months 
of  exposure,  however,  the  resistance  had  doubled. 
The  resistance  increased  rapidly  as  the  wires  necked, 
becoming  infinite  in  wires  which  had  eomxled  com- 
pletely through.  Similar  results  were  noted  for  speci- 
mens exposed  in  brackish  water. 

I he  tensile  tests  showed  that  the  material  ex 
hibiied  a definite  yield  point,  and  work-hardened  to 
the  point  of  fracture.  Fhe  load-carrying  capacity 

*tl  H t’hllg.  ('iirruiinn  am!  Cnmtitiin  I'nninit  (John  VV  itov 
.tml  Stms.  ppXSv>v 
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(k’crcasoil  nipidlv  tor  cxpusun.-  imu-s  I'tciitcr  (liiui 
12  nioiiihs  ami  dccrcascil  lo  /t  ro  in  ahoiil  ’ vcars  as 
a result  ot  corrosion  l iable  1.1 1 A similar  loss  in 
iliiclilitv  (Kcurred,  alter  Ih  months  ol  exposure,  the 
duclilitv  had  decreased  Irom  about  percent  to 
1 .h  percent,  and  Irom  lb  to  2-4  months  it  approached 
zero.  I'ensile  tests  were  not  ci'iidiiued  on  the  carbon 
steel  specimetis  exposed  iti  brackish  water,  but 
stmilar  results  are  expected. 

Gaivani/«d  Low-C  arh<iii  .S(e«l.  Data  on  the  ^alva. 
ni/ed  steel  have  been  obtained  lor  Ireshwater  expo- 
sures ol  I,  .4.  b.  12.  24  .4h,  and  .^5  months  atul  brack- 
ish water  exposure  ol  l .b  months. 

At  high  magnirication.  dee[)  pits  were  seen  in  the 
ex])osed  galvanized  specimens,  especially  in  the 
region  where  the  wire  emerged  Irom  the  concrete; 
Figure  12  shows  this  section  ot  a wire  exposed  lor  I 
year.  However,  pitting  ol  the  zinc  surtace  layer  was 
also  lound  in  unexposed  wires  Figure  1.1  is  a low 
magnification  photogra|)h  ol  unexposed  wire;  Figure 
14  shows  a high  niagnification  photograph  ol  one  of 
the  pits.  It  is  believed  that  n some  instances  these 
pits  extended  to  the  surface  oi  the  carbon  steel  wire. 
Hxamtnation  ot  the  zinc  surtace  layer  after  exposure 
indicated  that  the  pits  initiallv  present  will  deepen 
and  o|X’ii  until  the  zinc  surtace  laver  becomes  msuf- 
fictent  lo  inhibit  corrosion  ol  the  exposed  steel.  I he 
protected  hie  ol  the  galvanized  wire  is  approximately 
8 to  10  years. 

I he  electrical  resistance  measurements  ( I able  (>) 
showed  a slow  increase  with  exposure  lime.  .Since  the 
zinc  has  a greater  conducliv ilv  than  the  steel,  the  re- 
sistance change  arises  Irom  the  dissolution  ol  zinc 
rather  than  corrosion  ol  the  steel.  .Similar  data  were 
obtained  lor  both  fresh-  and  brackish  water  expo- 
sure specimens. 

Data  for  the  tensile  tests  (table  I-'}  indicate  no 
loss  of  tensile  strength  with  lime  and  no  decrease  in 
ductility  in  freshwater  u|)  to  .1t>  months  However,  a 
20  percent  loss  in  tensile  slrength  was  seen  in  the 
freshwater  specimen  exposed  for  5.S  months.  Al- 
though tensile  strength,  ductility,  and  reduction  in 
area  did  not  change  appreciably  up  to  the  55-month 
exposure,  there  may  have  been  a mild,  localized 
attack  at  the  region  w here  the  w ire  emerged  from  the 
concrete,  since  tensile  Iraclures  occurretl  predomi- 
nantly at  the  interlace  f.arlier  tests’  have  shown 

Hi'pttrl  im  i'nrrn\ntn  /t-o  ol  Mttiiti  in  ihi-  kn-i'r 
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that  very  little  deterioration  occurs  after  2 years 
when  the  zinc  wires  are  covered  with  sill,  but  that 
w ithout  the  protective  silt  covering,  the  wires  corrode 
extensively  after  2 years  of  exposure  to  the  Missis- 
sippi River,  The  corrosion  rate  is  anticipated  to  be 
higher  in  the  brackish  water,  but  longer  exposures 
are  necessary  before  a definite  conclusion  can  be 
reached. 

Copperweld  Steel.  Data  on  the  Copperweld  wire 
have  been  obtained  for  freshwater  exposures  of  I.  .1. 
h.  12.  18.  24.  .K),  ,1b.  43,  and  55  months  as  well  as  15 
months  of  brackish  water  exposure.  Fxamination  of 
the  surfaces  of  the  wire  test  samples  after  exposure 
revealed  very  little  deterioration  anywhere  along  the 
length,  except  in  the  brackish  water  exposure  speci- 
mens. No  pits  were  found  in  the  straight  wires,  nor 
were  crevices  found  in  the  lotvped-end  specimens. 
Rapid  corrosion  was  observed  at  the  ends  w here  the 
steel  core  was  exposed  (Figure  15).  The  depth  of 
corrosion  into  the  wire  was  measured  (Table  18)  and 
plotted  versus  time  (Figure  16).  The  freshwater 
specimens  initially  exposed  in  November  appeared 
to  have  a slightly  higher  corrosion  rate.  I'he  corro- 
sion rate  of  the  brackish  water  exposure  specimens 
was  approximately  double  that  of  the  freshwater 
specimens.  Based  on  these  data,  a rupture  in  the 
copper  cladding  would  lead  to  corrosion  completely 
through  the  steel  core  in  approximately  b months  in 
freshwater  and  less  in  brackish  water.  Lwalized 
corrosion  of  the  copper  cladding  was  seen  at  the 
concrete-water  interface  of  specimens  exposed  in  the 
brackish  water  (Figure  1 7). 

I'he  electrical  resistance  measurements  of  the 
exposed  wires  ( Table  6)  showed  a slight  increase  in 
resistance  with  respect  to  time  of  exposure.  The 
cause  of  the  increase  is  believed  to  be  a uniform 
loss  in  coating  thickness,  since  the  copper  is  much 
more  conductive  than  the  steel. 

The  mechanical  property  tests  on  the  Copperweld 
wire  ( Table  15)  showed  a slow  loss  of  slrength  with 
time  in  freshwater.  Reduction  in  area  did  not  change 
appreciably  with  time  of  exposure,  and  tensile  frac- 
tures (K-curred  at  random  Ux'ations  along  the  wire. 
InsutTicienl  data  are  available  to  draw  any  conclu- 
sions on  the  strength  loss  of  cop[x;r-clad  specimens 
in  brackish  water. 

Orfianic  CiHilinf>s 
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PVC-Coatod  Wires.  Data  for  the  PVC-coaled 
w ires  have  been  obtained  for  freshwater  exposures  of 


1 . h.  1 2.  24,  ami  Vi  niomtis  anil  lur  lirailu''h  waicr 
cx|iosiiri’  nl  IS  months  I xammalion  ol  tin.'  spcci 
men  siirlai'cs  alter  exposiin-  roc.tliil  some  porosity 
in  the  eoatinj;.  whieh  was  prohahiv  jiresent  when  the 
eoatmi;  was  applieil.  I he  porositx  ilul  not  extend 
throuiih  the  eoatin^  to  the  steel  w ire.  I-  xamiriation  ot 
the  exposed  ends  showeil  rust  aeeiimulation;  alter  18 
months  in  Ireshwater.  the  xoliime  expansion  ot  the 
eorri'sioti  prixlnet  was  siiHieietit  to  split  the  eoaling. 
Retnoval  ol  the  e latini;  trom  the  steel  tinderwire  re 
sealed  rust  on  the  steel  tiear  the  exposed  ends,  due  to 
water  seepajie  under  the  eoalin^.  I he  quantity  ol 
rust  under  the  coating  did  not  appear  to  be  a detri- 
ment to  the  use  ot  this  coating 

I he  wires'  electrical  resistance  I l able  h)  did  not 
change  with  time  Ihe  tensile  tests  l iable  lf>)  indi- 
cated that  no  loss  ol  strength  or  ductility  occurred. 
I'here  was  no  change  in  reduction  in  area,  and  the 
location  ot  the  tensile  ttaclures  was  random.  Tensile 
and  resistance  tests  were  not  conducted  on  the  speci 
mens  exposed  in  the  brackisti  water. 

Polyelhylene-Coaled  Wires.  I’olyethvlene-coated 
wire  specimens  were  i .ablated  alter  treshwaler  ex- 
posure periixls  ol  I,  ,V  b.  12.  24.  and  ,^li  months  and 
alter  I.S  months  exposure  in  brackish  water.  I.arge 
amounts  ot  rust  were  observed  at  Ihe  end  where  the 
steel  wire  was  exposed.  I his  accumulation  has  not 
yet  been  suttlcienl  to  cause  the  coaling  to  split,  tix- 
aminalioti  ot  the  surtace  ol  the  coating  showed  no 
deterioration.  When  the  coatings  were  removed  Ironi 
the  specimens,  the  wire  beneath  was  tree  ol  corrosion 
and  there  was  little  penetration  ot  rust  into  the  wire. 
The  mastic  iindereoating  was  mlael  in  all  cases  and 
no  seepage  under  the  polyethylene  was  toiind. 

The  resistance  data  accumulated  to  date  show  no 
change  with  exposure  lime.  The  results  ot  the  tensile 
tests  t l atile  P)  showed  no  change  in  tensile  strength 
or  ductility  tor  any  ol  the  exposed  specimens.  No 
change  in  reduction  in  area  witli  exposure  lime  was 
evident,  and  the  tensile  t'raviutes  tended  to  iK-cur 
predominantly  along  the  length  exposed  to  water. 
'I'he  resistance  change  and  tensile  strengths  ol  the 
wire  specimens  exposed  in  brackisti  water  were  not 
determined. 

Problems  were  experienced  in  preparing  Ihe  poly- 
ethylene-coaled wires  lor  field  testing  in  November 
I9'^4.  the  wires  were  cast  into  five  2,S  It  X 4 tl 
(P.b2  ni  X 1,22  ml  "sipiares"  to  be  sunk  into  the 
Mississippi  River.  After  the  eoncrele  had  cured  at 
the  casting  yard,  the  squares  were  transferred  by 


binge  to  the  assembly  area  where  they  were  to  be 
connected  to  other  squares  to  tdrm  mattresses,  fhe 
squares  were  placed  on  Ihe  barge  using  a rectangular 
frame  connected  to  a crane.  The  Ifanie.  which  has  an 
outcrop  of  20  fingers,  fils  over  a slack  of  1.1  squares 
and  lifts  them  simultaneously  by  their  outside  wires. 
During  the  transfer,  it  was  noticed  that  the  fingers 
did  not  grab  each  square  individually,  but  trans- 
ferred most  of  Ihe  weight  to  Ihe  wires  in  the  bottom 
four  squares.  At  the  end  of  this  operation,  a number 
ot  gouges  (one  of  them  about  3 in.  (7b  mm]  long) 
were  observed  in  the  coaling,  exposing  the  bare 
metal.  While  at  the  assembly  area,  the  squares'  end 
loops  were  tied  together  by  hand  while  the  longitudi- 
nal bracket  wires  were  tied  to  a launching  cable 
using  a pneumatic  tying  tool.  After  tying  had  been 
completed,  more  breaks  in  the  coating  were  found. 
As  a result  of  these  breaks,  the  polyethylene-coated 
wire  was  judged  unsuitable  for  use  in  revetment 
operations  using  current  handling  equipment.  Since 
Ihe  polyethylene  coating  was  the  hardest  of  Ihe  three 
organic  coatings  tested,  it  was  Judged  that  the  F^VC 
and  VMCH  coatings  would  also  be  tixi  soft  to  survive 
current  handling  methixls. 

VMCH-Coaled  Wires.  The  VMCH  coating  was 
found  to  be  porous  in  some  spots  after  18  months  of 
exposure  in  freshwater;  specimens  exhibited  cracks 
in  the  coating  and  corrosion  beneath.  I'he  coating 
mav  have  degraded  as  a result  of  being  applied  tixi 
thinly,  or  it  may  have  been  scratched  during  speci- 
men preparation.  Due  to  this  rapid  deterioration, 
evaluation  ceased  after  the  18-monlh  exposure,  and 
the  VMC'H-coated  specimens  were  not  exposed  to 
the  brackish  w ater  environment. 

4 SENSITIZATION  EVALUATION  TESTS 
Procedure 

Sensili/.alion  of  stainless  steel  is  a form  of  inter- 
granular corrosion  caused  by  changes  in  the  vicinity 
of  the  grain  boundaries  indueed  by  precipitation  of 
carbides  or  interstitials  which  iK'curs  within  specific 
temperature  ranges."  Significant  dwell  lime  in  these 
temperature  ranges  may  iKcur  during  cooling  of  the 
welded  wire, 

I'o  evaluate  whether  the  welded  stainless  steel 
wires  were  sensiti/.ed,  Ihe  65  percent  boiling  nitric 
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acul  or  Huey  test  (ASIM  Slaiularil  A 2f)2  ’'0.  Prae- 
tice  0“  «as  useil.  I his  qiianlilalive  lesl.  ^shieli 
compares  weight  loss  lo  surface  area,  iiuiicates  the 
susceptibility  ol  the  alloy  to  attack  because  of  ehro- 
niitini  carbide  precipitation. 

I he  standard  test  methml  consists  of  immersion  of 
steel  samples  tweighed.  cletiiied,  and  ditiiensioned) 
in  boiling  reagent  nitric  acid  (HNO),  tor  tive4H  hour 
periixls  with  changes  in  tresli  acid  every  periinl.  (In 
this  investigation,  a single  4M  hour  period  was  used 
tor  evaluation.)  Acid  solutions  are  placed  in  1000- ml 
f rlenmever  tlasks  with  colil- linger  condensers.  After 
each  [H'ritHl.  samples  are  rinsed,  ullrasonicallv 
cleaned  in  acetone,  atid  vveigheii  on  an  analytical 
balance. 


S[iecimens  tested  consisted  ot  stainless  steel  wires 
welded  using  various  heat  in|>uts  and  numbers  ol 
cvcles.  as-received  wire  slotk.  and  wires  intentionally 
sensitized  by  laboratorv  heat  treatment.  I'o  insure 
compositional  unitormity.  as-received  sections  were 
taken  from  the  welded  wires  awav  Irom  the  welded 
region.  I he  austenitic  steels  were  sensitized  at  ^50°C 
for  2 hours  atid  then  water-quenched.  The  territic 
and  martensitic  stainless  steels  were  sensitized 
for  1.5  hours  at  400  C atid  immediately  water- 
quenched.'"  All  s[H‘ciniens  were  tested  separately. 

Corrosion  rates  were  calculated  using  the  lornuila: 
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where  W = weight  loss,  mg 
If  = density  of  alloy 
A = area,  cm' 

t = time,  hour  (4K  hours  boiling  periixl). 


Results 


I able  14  summarizes  the  results  ot  the  Huey  tests. 
I he  corrosion  rales  ol  the  sensitized  samples  were  all 
higher  than  those  ol  the  as  received  samples,  except 
tor  AM  .^h.f.  I his  alloy  has  a higher  corrosion  rale 
than  the  others  because  it  has  only  about  12  iK-rceni 
chromium  and  has  a martensitic  microstrucliirc. 
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The  corrosion  rales  of  the  welded  sections  were 
slightly  greater  than  those  of  the  as-received  speci- 
mens of  the  same  alloys,  particularly  for  Armco  18-2 
and  AISl  201.  On  the  other  hand,  little  difference 
between  the  as-received  and  as-welded  corrosion 
rates  was  found  for  alloys  AISI  301  and  AISl  430. 

The  sensitization  data  were  based  solely  on  sur- 
face corrosion  and  may  not  reflect  the  lifetime  corro- 
sion rate.  Since  these  were  only  screening  tests  and 
were  much  more  severe  than  Mississippi  River 
waters,  the  results  obtained  indicate  only  relative 
sensitization  resistance.  The  actual  sensitization 
vulnerability  of  these  alloys  in  fresh-  or  brackish 
water  must  be  obtained  by  actual  field  immersion 
tests  or  potentiodynamic  investigations.  However, 
the  results  do  indicate  that  sensitization  is  not  antici- 
pated to  be  a problem  in  freshwater. 


_ LABORATORY  CORROSION 
5 ASSESSMENT  TESTS 

Procedure 

The  corrosion  resistance  of  the  stainless  steels  was 
studied  in  the  laboratory  using  the  electrtK'hemical 
method  under  various  environmental  conditions." 
The  advantage  of  using  the  electrtK'hemical  tech- 
nique in  corrosion  studies  is  that  data  concerning  the 
corrosion  behavior  of  a given  material  can  be  easily 
and  quickly  obtained  in  the  laboratorv.  GchkI  agree- 
ment between  this  methixl  and  the  conventional 
weight  loss  measurement  or  field  tests  has  been 
demonstrated. 

I'he  electrtK'hemical  technique  involves  two  kinds 
of  measurements.  First,  the  corrosion  current  is 
measured  twer  a very  wide  potential  range  to  deter- 
mine both  the  antKlic  and  cathixlic  polarization 
behaviors.  This  type  of  test  determines  how  easily  a 
given  stainless  steel  can  be  passivated  and  how  stable 
the  alloy  is.  This  is  important  because  the  corrosion 
resistance  of  the  stainless  steels  depends  entirely  on 
their  capability  to  be  passivated.  Second,  the  free 
corrosion  rate  is  measured  by  the  linear  polarization 
technique,  in  which  the  polarization  resistance  be- 
tween the  specimen  and  the  electrolyte  is  deter- 
mined. I'he  corrosion  rate  of  the  stainless  steels  can 


““Standaril  Retcri’ncc  Mcthini  for  Making  Poientimtalic  arul 
PiHrnliodvnamic  AruKiic  Polarization  Measurements. “ ASTM 
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ihcn  hi'  i itU  iilali-il  Ironi  ihc  n.iIiic  at  llu'  polari/atioii 
ri’sisIaiK'i 

In  this  stiiih.  s|H‘cimcns  «tih  a knoun  surlao." 
.irca  aiul  a kimnl  siirtasc  «cri.'  tiisl  pri'pari’tl.  I he 
surlaiT  was  pohshcil  tn  a hOO  ijrit  silicon  carbide 
finish  and  cleaned  I aeh  speeinien  was  ininicrsed  in 
the  eleelroUte,  and  the  open  eireiiil  potential  was 
tneasiired  alter  it  stahili/ed.  I’olential  was  theti  verv 
slowlv  increased  or  decreased  to  ahont  +l.()0  or 
— I 2()  \ in  relerenee  to  a saturated  calomel  elec- 
tnxle  IS('I-)  All  tests  were  eondiieted  in  aeeordaiiee 
with  AS  I M Standard  (j  5-‘’2.  1 he  linear  polariza- 
tion measurement  was  conducted  similariv.  except 
that  the  potetitial  ot  the  specimen  varied  slowlv  w ith- 
in  ± 10  m\  trom  its  open-circuit  potential,  file 
slope  ol  the  potential  vs  current  plot  (which  usually 
IS  a straight  Ittie)  is  related  to  the  free  corrosion  rate 
o(  the  material. 

fhe  galvatiic  eouplitig  between  the  lovv-carhon 
steel  and  either  copper  (Copperweldl  or  zinc  (galva- 
nized steel)  was  also  investigated  in  ta|i  water,  fhe 
o|H‘n-circiiit  potentials  lor  each  set  of  materials — 
steel-copper  atid  steel-zinc — and  the  current  flowing 
between  them  when  electrically  coupled  were 
measured  to  determine  the  extent  ol  galvanic  corro- 
sion ot  copper-clad  atid  galvanized  steel.  IKually. 
the  coupling  ol  lw<i  dissimilar  metals  changes  their 
corrosion  behavior  significantlv. 

Results 

SlainU’ss  .S7ei7s 

Corrosion  assessmeni  data  were  obtained  using  a 
potentiostat  and  several  eleelrolvtes  (corrosion  envi- 
ronments). Figures  Ih  to  22  show  the  potentiiHly- 
naniic  polarization  eunesol  the  AISI  201.  AISl  .V)l. 
Armco  IH-2,  AISI  4K).  and  AM  Vi.l  staitiless  steels 
in  I N sulturie  acid  (HjSO.)  and  I N H^SO^  + I M 
sixlium  chloride  (NaCII  si'liitions.  Figure  2.1  is  a 
schematic  diagram  ol  the  polarization  behavior  ol 
stainless  steels  lor  use  in  interpreting  these  curves. 
All  the  statnless  steels  showed  roughiv  the  same 
active  passive  transition  in  sulturic  acid,  and  the 
general  shape’s  ot  the  curves  are  similar,  indicating 
that  all  the  stainless  steels  studied  have  roughly  the 
same  corrosion  behavior  in  this  environment.  Fhe 
addition  ol  salt  to  the  solution  clearly  almost  entirely 
desiroveil  llie  passivilv  in  some  cases,  indicating  that 
the  prole’ctive  film  lornied  on  the  surlaee  ol  the 
specimen  during  passivation  was  heavily  attacked  by 
the  chloride  t(  I ) ions,  resulting  in  severe  pilling  on 
the  siirtaec 


Figures  24  to  2b  show  the  potenliixlynamic  polari- 
zation curves  of  the  stainless  steels  in  lap  water  and 
.1.5  percent  salt  (NaCI)  water.  Fable  20  gives  the 
composition  of  the  tap  water;  the  .1.5  percent  salt 
water  had  the  same  composition  plus  .1.5  weight  per- 
cent reagent  grade  (NaCI).  In  the  case  of  lap  water, 
the  passivation  priK'eeded  almos*  spontaneously, 
and  no  pitting  was  observed  over  a lairly  wide  poten- 
tial range.  Again  all  the  stainless  steels  show  roughly 
the  same  corrosion  behavior.  In  the  case  of  salt 
water,  however,  all  the  stainless  steels  were  severely 
attacked,  and  pitting  appeared  on  the  surface. 

Figure  24  shows  the  results  of  a typical  linear 
polarization  measurement  for  the  AISI  .101  stainless 
steel  after  the  specimen  had  been  immersed  in  the 
tap  water  for  7 days.  Fhe  linear  resistance,  or  the 
slope  of  the  curve  at  the  corrosion  potential,  can  be 
related  to  the  free  corrosion  rate  by'’ 

K 

corrosion  raie(mpv)  = 

KA 

w here  mpy  denotes  mils  per  year  uniform  corrosion. 
K is  an  electnxrhemieal  constant  depending  on  the 
metal  and  corrosive.  R is  the  resistance  in  ohms,  and 
A is  the  area  of  the  specimen  in  square  inches.  For 
stainless  steels,  the  constant  K is  approximately  the 
same  in  most  environments.  K was  accurately  deter- 
mined by  making  a weight  loss  measurement;  a 
piece  of  AISI  ,K)1  stainless  steel  of  known  area  and 
weight  was  immersed  in  tap  water  for  a known 
periiKi  of  lime  and  the  weight  loss  was  measured 
after  the  immersion.  Based  on  this  measurement,  the 
constant  K was  determined  to  be  equal  toWK).  Fable 
21  shows  the  results  of  linear  polarization  measure- 
ments for  the  AISI  201.  AISI  ,K)I.  AM  .16.1.  Armco 
lb-2,  and  AISI  4.K)  stainless  steels  in  tap  water  after 
immersion  for  ■■  days.  Fhe  corrosion  rates  decreased 
steadily  initially,  and  stabilized  after  being  im- 
mersed for  a few  days.  Fhe  corrosion  rales  of  all  the 
stainless  steels  tested  are  extremely  low.  These  low 
corrosion  rales  were  confirmed  by  the  fact  that  no 
deterioration  of  any  of  the  stainless  steels  was  de- 
tected over  a period  of  .1  years  in  actual  freshwater 
immersion  tests.  Fhus.  the  corrosion  resistance  of  all 
the  stainless  steels  tested  is  approximately  equal  to 
that  ol  the  AISI  ,101  stainless  steel.  Thev  are  there- 
fore qualified  as  alternative  wire  fabric  materials  for 
freshwater  applications. 


‘V.^O.  Hu.su'  Cnmiufui  Cuuru'  (National  AssiKiatuin  of 
( oriovion  Fnginrers.  iwri),  p.t  |7, 
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Htnutatlu  \ljhruil\ 

(ialvatiK'  (.'oiiplin^  lo«  I'.iihun  sled  anil 

ciippor  or  /me  » as  also  sIiuIhiI  in  lap  w aU'i  lo  assess 
the  eorrosiun  hehasior  ol  i opperwelil  ami  ^{alva 
ni/ed  steel.  I able  22  slnnss  the  iiiieoupled  eorrosioii 
potentials  and  the  tree  eorrosion  rates  o!  Um  earhon 
steel,  eopper.  and  /me  m tap  water  1 hese  data  nidi- 
eate  that  steel  heeomes  a t an.Kle  and  eon  odes  s.ieri 
tieialK  when  eoii|ded  lo  eopper,  while  /im  heeomes 
an  anmle  anil  ealhoihealK  proteeis  steel  when  thev 
are  eoupled 

I hus,  alihoui/h  the  ijahani/eil  wires'  tailiire  to 
siirsise  the  wraji  lest  preseriheil  m the  spe>  iriealion 
with  their  /me  eoaliiik;  inlael  aeeelerates  the  eoiro 
sion  rale  ot  the  /me.  the  steel  is  pioleeled  as  loiifj  as 
the  /me  is  present  In  eonirasi,  eopper  elad  steel  is 
onlv  proleeted  when  the  eoalln^;  is  mtael 

I he  amiHinl  ot  aeeeleiaieil  eorrosion  or  proleetion 
depends  larf>ely  on  the  aniKle  lo  lathiKle  area  ratio. 
With  Copperweld.  onh  a tins  Iraetion  ot  the  steel  is 
tisually  e.tpose'd  to  ttie  water,  so  iti.ii  the  area  ratio  is 
extremely  small  I his  is  a \er\  iiiitasotahle  siuiatioii 
lor  the  steel,  whieh  will  eorriHie  rapidlv  through  eon- 
tael  with  eopper.  I n assess  how  rapidly  siieh  eorro- 
sion ean  proseed,  the  eiirreiil  flowiiiji  between  elee- 
trieally  eoupled  steel  and  eopper  was  measured  lor 
two  dilferenl  values  ot  area  ratio.  Smee  the  may;ni 
tilde  ol  the  eouplin^  eurreiil  was  tiniiid  lo  be  imieh 
larijer  than  the  exehatyue  eurretil,  the  eorrosion  rale 
ol  steel  eould  then  be  ealeulated  direellv  I'rom  the 
matjnilude  ot  the  eouplin^:  eurreiil.  I he  results 
(Fiyiure  .VI)  indieale  that  the  eorrosion  rale  ot  steel 
inereases  markedly  when  it  is  eoupled  lo  eopper 
haviny;  a very  lanje  surlaee  area  For  ^alviini/ed 
steel,  the  aiiiHie-lo-eattuHle  area  ratio  is  usually  very 
large.  I he  /ine  ean  theretore  ellee.iyely  proteel  the 
exposed  steel,  and  the  eorrosion  rate  ol  the  /iiie  is 
not  signifieanlly  atleeled  by  eoiilael  with  the  steel. 

These  studies  indicate  that  ( opperweld  and  galva 
ni/ed  steel  will  perlorm  satislaelorily  only  when  the 
eopper  coaling  is  intact  or  when  a large  portion  ot 
the  /.inc  coating  is  present.  From  the  eorrosion  rale 
measurements,  copper  coating  on  the  order  ol  (I.Otki 
in,  (0.1. S2  mm)  thick  should  have  a life  ol  about  KO 
years,  and  /ine  coaling  ol  the  order  ot  ()()04  in. 
(0.102  mm)  thick  should  last  about  10  years  How- 
ever. sill  covering,  which  usually  iKciirs  at  the 
bottom  ot  the  river,  can  sigiiirieaiillv  increase  the 
projected  lite.  Depending  on  I tie  degree  ol  eoveriiig, 
such  a silt  layer  can  accomplish  two  things:  (I)  re 


duclion  ol  the  general  corrosion  rates  of  copper  and 
/me.  and  (2)  in  the  case  ot  the  copper-clad  steel, 
significant  reduction  ot  the  cathixiic  reaction  on  the 
eopper  surtace.  so  that  the  etlective  area  oT  copper 
(or  cathode)  is  very  small.  .Such  an  increase  m the 
value  ot  the  anode-to-cathixie  ratio  would  result  in 
the  corrosion  rate  oT  steel  no  longer  being  acceler- 
ated. To  substantiate  this  possibility,  the  corrosion 
potential  ot  a piece  of  Copperweld  recovered  From 
the  Mississippi  River  heavily  coated  with  silt  was 
measured  m tap  water.  It  was  found  that  the  open 
circuit  corrosion  potential  dropped  to  about  — (J.4  V 
(SCF.)  instead  of  the  usual  value  ( -f0.(X)7  V)  for  bare 
copper  (Table  22). 

I his  effect  of  silt  covering  may  be  one  reason  w hy 
most  of  the  copper-clad  steel  currently  immersed  in 
freshwater  is  still  relatively  uncornxled.  This  effect 
would  also  explain  why  inspection  of  Copperweld 
fabric  materials  initially  placed  in  1954  near 
CoiKhie,  LA  (river  mile  317.6)  indicated  that  the 
fabric  was  in  goixl  condition  as  long  as  it  was  con- 
tinuously immersed  in  water  and  covered  with  silt, 
while  rapid  deterioration  due  to  corrosion  was  seen 
m copper-clad  anchoring  cables  in  service  for  as 
little  as  2 years  on  the  river  banks. 

6 CONCLUSIONS  AND  RECOMMENDATIONS 
Conclusions 

The  susceptibility  of  stainless  steel,  bimetallics. 
and  organically  coaled  steel  to  corrosion  in  the  fresh- 
water Mississippi  River  above  New  Orleans  and  in 
brackish  water  is  presently  being  evaluated.  Analysis 
ot  specimens  after  approximately  4 years  of  exposure 
in  freshwater  and  15  months  in  salt  water  and  results 
ot  laboratory  electrochemical  and  sensitization  tests 
have  led  to  the  following  conclusions: 

1.  All  the  stainless  steels  tested  have  more  than 
enough  strength  and  corrosion  resistance  in  the 
Mississippi  River  above  New  Orleans  (treshwaler 
environment)  lo  qualify  them  as  substitute  wire 
fabric  materials.  The  only  stainless  steel  which  may 
be  questionable  as  a fabric  material  is  Armco  lb-2, 
which  has  giHxl  corrosion  resistance  but  very  low 
ductility. 

2.  Fixposure  tests  of  the  stainless  steels  iti  brack- 
ish water  showed  that  A I SI  4.V),  AM  .363,  and  Armco 
lb-2  are  unsuitable  for  use  in  this  emironment. 
Similar  exposures  of  spot-welded  stainless  steel  wires 
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Recommendations 


ri'sullal  in  si-mtc  scnsili/nlion  anil  liK-ali/cil  corro 
Sion  near  ihe  mcUIs.  All  stainless  steels  tested  are 
iinsiiited  tor  welded  use  tti  hraekish  water  einiron 
nients. 

.V  I he  hinietallie  niaterials  evaluated  perlortned 
satislaetorilv  with  respeet  to  eorrosion  resistance  in 
freshwater:  however,  silt  eoverinj;  enhanced  the 
corrosion  resistance  ol  some  ot  these  materials.  Also, 
problems  encountered  duriiu;  machine  handlinjt  of 
these  materials  may  cause  a major  change  in  the 
expected  life  ol  the  component.  The  >;alvanized  wire 
appears  to  be  especially  susceptible  as  a result  ot  in- 
adequate adherence  ol  the  zinc  to  steel,  as  evidenced 
bv  lailure  ot  the  wrap  test.  .Since  the  worst  treatment 
of  the  wire  fabrics  ivcurs  duriiu;  haiidlinii;  in  the 
casting;  yard.  assembliniJ  into  revetments,  and 
launching,  this  could  be  a cause  lor  rejection. 
Co(iper-clad  steel  wires  c.xhibiled  extremely  rapid 
corrosion  whenever  the  copper  cladding  was  rup- 
tured, The  results  showed  that  through-thickness 
corrosion  could  occur  within  (i  months  after  expo- 
sure in  freshwater  and  less  in  brackish  water. 

4.  t’xcept  lor  VM(  H.  the  organic  coatings  evalu 
aled  provide  adequate  corrosion  resistance  for 
carbon  steel  wire  in  the  Mississippi  River.  However, 
the  coatings  are  loo  soil  to  withstand  the  current 
handling  methiKls.  Major  miKlification  of  the  han- 
dling equipment  is  necessary  before  they  can  be  a 
v iable  substitute  for  metallic  wires. 

5.  .Sensitization  tests  revealed  that  welding  alloys 
AISI  201.  AM  and  Armco  lH-2  could  result  in 
some  localized  corrosion  attack  in  the  weld  region. 
Welded  samples  ot  AISI  VII  and  AISI  4.10  had 
corrosion  rates  similar  to  those  ol  unwelded  samples, 
hxcepi  tor  A.M  1h,1.  lurnaee  sensitized  sani|iles  had 
higher  corrosion  rates  than  as-received  specimens. 

h.  t iectroehemical  corrosion  tests  indicated  that 
the  open  circuit  corrosion  rales  of  the  stainless  steels 
in  lap  water  are  similar.  I he  presence  of  chloride 
increases  the  eorrosion  rales  substantially. 

7.  (ialvanie  coupling  tests  indicate  that  the  corro- 
sion rale  of  steel  is  accelerated  through  contact  w ith 
cop|H'r.  /inc.  on  the  other  hand,  can  usually  protect 
the  steel  efteclively  when  the  two  are  eleetrically 
coupled. 


I he  following  recommendations  are  based  on  the 
results  and  conclusions  of  this  investigation: 

I A number  of  squares  should  be  fabricated  from 
AISI  201,  AISI  4,10,  AM  ,1b.1.  and  Armco  lK-2  stain- 
less steel  alloys  and  field  tested  in  freshwater. 

2.  If  the  stainless  steel  squares  perlorm  satisfac- 
torily in  the  field,  the  specification  pertaining  to  the 
type  of  fabric  material  (Part  II.  Section  1-02)  should 
be  expanded  to  include  all  of  the  stainless  steels 
examined  in  this  study. 

,1,  Mixiifications  that  would  be  required  in  the 
handling  equipment  in  order  to  use  the  organically 
coated  fabrics  should  be  determined,  and  whether 
these  modifications  would  be  eost-effeclive  when 
used  in  conjunction  with  organic  coatings  should  be 
ascertained. 

4.  The  zinc-coaled  wire  should  be  considered  un- 
aceeptable  as  a substitute  fabric  material  unless  the 
lifting  and  launching  equipment  are  modified  to 
minimize  the  llaking  of  the  zinc  coating. 

5.  I he  nolyethylene-coated  wire  should  be  con- 
sidered unacceptable  as  a substitute  fabric  material, 
unless  handling  miKlifications  are  made  to  eliminate 
stripping  of  the  coating, 

b.  Research  should  be  conducted  to  ascertain  the 
effect  of  bimetallic  junctions  on  the  corrosion  of  the 
composite  structure.  Bimetallic  junctions  iK’cur 
whenever  copper-clad  steel  tie.  wraji.  and  anchor 
wires  are  used  with  stainless  steel  wire  fabric  mats. 

7.  KlectriK'hemical  data  should  be  obtained  for 
the  various  candidate  wire  fabric  materials.  The 
electrolyte  used  should  be  Mississippi  River  water 
taken  at  various  liK'ations. 

b.  The  effect  and  extent  of  silt  covering  as  well  as 
the  effect  of  the  anixle-to-cathixle  ratio  on  the  corro- 
sion rate  of  w ire  fabric  mat  materials  should  be  in- 
vestigated to  explain  the  rapid  corrosion  of  copper- 
clad  steel  wires  periixlically  welled  with  water  versus 
the  slower  corrosion  rate  observed  in  contiiiuouslv 
immersed  wire. 


20 


‘1.  Additional  new  materials  should  be  soujjht  tor 
use  as  mat  labrie  wire  and  for  the  wires.  Table  23 
contains  a partial  list  of  materials  suitable  for  evalu- 
ation for  either  application. 
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Table  I 

MalcriAU  and  Suppiftm 


MateriaJ 

Supplier 

AISI  201  Stainless  Steel 

U S.  Steel 

AISI  201  Stainless  Steel 

Central  Steel  and  W ire  Co. 

Armco  18  2 STainless  Steel 

Armco  Steel 

AISI  4.V)  Stainless  Steel 

Central  Steel  and  WireC'o. 

AM  Stainless  Steel 

Alle|(heny  l.udium 

( arhon  Steel 

U S Steel 

(iaivani/.ed  TypeC  Steel 

U S Steel 

( op|)erwel(l  Steel 

C»»pi>ervkeld  ( orp 

polyvinyl  ( hloride  < t»ate«1  Steel 

('oatinjt  h nipncenn^  ( orp 

P(»lvethvlene-Coated  Steel 

Kepuhlic  Steel 

VMC'H  ( c»alctl  Steel 

Union  C arbtdc  C orp 
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Table  2 


Wire  Co«t»^ 

W ire  Cost  In  Dollars/ Pound  |Dnllan/Kllograin|^ 


' V Producer 

Material  ' ^ 

Allexhenv- 
O.I4l-ln. 
(J.6nnm) 
dia.  wire 

I.udlum' 
O.lftOln. 
(4.hmm) 
dIa. wire 

Copperweld  Corp.‘^ 
0.141in.  O.lMMn. 
(3.6-mm|  {4.Kmm) 

dia.  wire  dIa.  wire 

Armco  Steel 
0.141-In.  0.160-In. 

(.3.6*mm|  (4.l*mml 
dim.  wire  dia.  wire 

U.S.  Sleel 

O.I4l-ln.  0.160-ln. 
|.1.6-mm)  (4.1-mml 

dia.  wire  dia.  wire 

AISI  201 

1 Jh’5 
I.VOI) 

1,2N‘’.S 

(2.H4) 

— 

— 

— 

— 

— 

— 

AISI  V)l 

1 Ih’S 
u.on 

1 2«’5 
(2.M) 

— 

— 

— 

— 

1.18 

(2.60) 

1.15 
(2.. 54) 

Armco  IK- 2 

— 

— 

— 

— 

1.1.1 

I2,4'0 

1.14 

(2.62) 

— 

— 

AISI 430 

1.22.“^ 
12  70) 

1 

(2.41) 

— 

— 

1.18 

(2.60) 

I.O.'- 

(2..1I) 

1.02 

(2.25) 

0.99 

(2.18) 

AM  3b3 

1 4h 
(,V22l 

1 .W 
(.V04) 

— 

— 

— 

— 

— 

— 

( opperw  eld 

- 

— 

O.H.V) 

(l.«2) 

0.824 
(1  82) 

— 

— 

- 

— 

( iaivani/ed  Steel 

— 

— 

— 

— 

— 

— 

0.2225 

(0.49) 

0.2225 

(0.49) 

Carbon  Steel 

— 

— 

— 

— 

— 

— 

0.1725 

(0..18) 

0.1725 

(0,18) 

^No  oM  (laJa  arc  prcscnicd  tor  ihc  polyclhylcrif  coated  sted  because  it  is  no  lonfjer  produced  by  Republic  Steel  or  for 
the  polsAinvl  chh'ride-coated  steel  which  is  nt>l  currently  available. 

Prices  are  as  of  April  l^'^S. 

All  prices  KOB  Dunkirk.  PA;  mininuim  order  lO.(KK)  lb(4.S.Vv  k^»;  SO. 02  wrapping*  and  packaging 
Vl.OOO  !h  tl.l  bOH  kg)  base,  plus  5 percent  for  smaller  »>rders;  packaging  additional. 


Table  3 


T)>pieal  Chemical  Compoeltions  of  Sudnleta  Steel  Test  Specimens 


Specimen 

( arlwn 
(C) 

Chromium 

(0| 

Nickel 

(Nl) 

ManKancac 

(Mnl 

Phosphorus 

|P1 

Sulfur 

(S) 

silicon 

(SI) 

Nllrofen 

(N) 

Other 

AIM  M)] 

0 IS 

Ih.O  IH.O 

6.0  8.0 

2.0 

().()4S 

OOk) 

1.0 

— 

AISI  201 

0 1 5 

Ib.O-IH.O 

1..55.5 

,5..S-7,.S 

0.(Kv0 

0.0.10 

1.0 

0.25 

Armco  IK  2 

0 10 

IHO 

16 

12.0 

— 

— 

(I..50 

0..14 

AISI  410 

0 12 

IS.O-IK.O 

— 

10 

0.(40 

0.0,10 

1 0 

— 

AM  1M 

0 04 

11. s 

4.5 

— 

— 

— 

— 

— 

0.50  Titanium 

22 


Table  4 


Composition  of  Ravetmcnt  Concrete 


Material  Batch  Weight*  Percent 

lb  Ikgl 

I Proportions 


Portlami  ( eriienf 

8.  .35 

l ine  A^>»re^ate 

S.T.38 

( oarsc  A^’>jrejiate 

N72,4(,W,7) 

52  II 

Water 

lO.VI  (4h.«) 

n.ih 

K)I  AL 

1(174.2(75.4  4) 

l(X).(N) 

II  Mixture  Data 


Ambient  lem|>erature 

'2  K(22  n 

( oncrete  lemperature 

'2‘’K22  C ) 

Sand  Aggregate  Ratio 

.VH  v,>r'„ 

Water  Cement  Ratio 

0.''4  VVt-i^h(  % 

pH 

12 

Tables 


Summary  of  Cxpoture  Test  Parameters 


Length  of 

Block 

B«||*n 

Ended  Exposure, 

Specimen 

Type  of 

Number 

Exposure 

Exposure  Months 

Group** 

Specimens 

1 

lost  in  ■’1  spring  tltHul  at  Delta  Point 

A 

Straight 

2 

m siorajje- 

New  Orleans 

A 

Straight 

lost  m spring  IIimxI  at  Delta  Point 

A 

Straight 

A 

in  storaj^e- 

New  Orleans 

A 

l.(HVJH*d 

5 

in  storajje- 

- Waterways  Experiment  Station  (WES) 

A 

laMiped 

h 

in  sli>ra}jt‘- 

W{-S 

A 

LiHvped 

7 

M.(i  72 

Aux  ’2  .S 

A 

Straight 

8 

M.1V  ’2 

May  '4  24 

A 

Straight 

A 

Ma>  '2 

Nos  "'2  n 

A 

Straight 

10 

Mai  ■’2 

Auk  ’2  ’ 

A 

l.ixiped 

1 1 

Mai  '2 

Mai  ■'S  Vi 

A 

l.kX>ped 

12 

Mai  '2 

IK-c  ’h  .SS 

A 

l.<K>ped 

1 1 

m storage 

( 1 HI. 

A 

l.ixiped 

14 

ll»Sl  III  ''  1 s 

prin^  t1o4Mi  at  Della  P\>int 

A 

Ltxiped 

IS 

Mai  ’1 

li>st  in  river.  Spring  I4*'f> 

A 

l.iHiped 

in 

Mai  '5 

lost  in  river.  Spring  W'^n 

A 

LiHipetl 

r 

lost  m ‘’.3  sprinK  H»»*xl  at  Delta  Pt>int 

A 

Ltxiped 

18 

lost  in  ‘’.3  sprmn  tVxxl  at  Delta  Point 

A 

Ltioped 

w 

Mai  '2 

June  *’2  I 

A 

Lixiped 

2(1 

Mai  ’2 

May ’l  12 

A 

Ltxvped 

‘^Wire  specimens  »nr  separated  into  tour  j^rtuips  designated  bv  A.  B,  C'.  and  1).  The  materials  exposed 
in  each  i;roup  are  listed  hehm  in  the  order  of  the  test  blinks: 

A Plain  carbon  steel.  ( oppi-rweld.  AIM  ^)l.  AIM  4K).  («alvani/ed.  Polyethylene-coated.  V'MC'H 
coated,  PV(  coated 

H Plain  carbon  steel.  < op(K*r»cld.  AIM  VM,  AIM  201.  Armco  18  2,  AM 

( Plain  carbon  steel.  Copjx-nseld.  AIM  KM,  AIM  201.  Armct'  18-2.  AM  .Vi.T  AIM  4.V).  (iaivani/ed. 
Polyethylene  cimted.  PVC  coated 

I)  Armco  18  2,  AIM  K)l . AIM  201 . AM  'nV  AIM  4,^1.  all  of  these  s(H*ctnicns  were  spot  welded. 


J 


2.1 


Table  5 (conl'dt 


Summan  of  Exposure  Test  Parameters 


HImk 

Number 

Brgiin 

Ksposure 

Knded 

t.'xposure 

Length  of 
Exposure, 
Months 

Specimen 

Group 

Type  of 
Specimens 

:i 

Mav  ■’? 

Mav  ’4 

24 

A 

l.iHipetl 

ST 

Mav  '2 

Mav  ^4 

12 

A 

Straight 

Mav  ^2 

Nov  72 

b 

A 

Straight 

’4 

Mav  ■'2 

June  ^2 

1 

A 

Straight 

lost  tn  " K 

prmg  11o<k1  at  Della  ISmil 

B 

loHvped 

lost  in  "4  s 

pnng  HimkI  at  Della  Point 

B 

I.ooped 

2" 

lost  in  “ ^ s 

prmg  tlo<*d  at  Delta  (’oint 

B 

laKvped 

Nos  ■’2 

May  ■’5 

M) 

B 

l.ooped 

2'> 

Ni*\  ^2 

May  "4 

18 

H 

Looped 

M) 

Nov  ’’2 

Nov  7S 

4b 

B 

laHiped 

U 

in  stora^e- 

OKI 

B 

lamped 

i: 

Mav  ’4 

I )ec  ''b 

44 

B 

Looped 

n 

Mav  "4 

Dec  ■^b 

44 

B 

Looped 

u 

lost  in  '4  s 

prmg  llmHl  at  Delta  Point 

B 

Straight 

Imt  in  ‘'4  s 

prmg  IIikkI  at  Delta  Point 

H 

Straight 

th 

lost  in  s 

prmg  lloml  at  Delta  f*oinl 

B 

Straight 

r 

Nov  '2 

Mav  "4 

b 

B 

Straight 

N''\  '2 

May  "^4 

b 

B 

Straight 

Vi 

Nov  ’2 

May  ■’4 

18 

B 

Straight 

4(t 

in  storage 

-WPS 

B 

Straight 

41 

in  storage- 

-WPS 

B 

Straight 

42 

in  storage 

-WPS 

B 

Straight 

44b 

Sep  "'5' 

I )ec  *^b 

IS 

( 

Straight 

44 

Sep^S 

Dec  '’b 

IS 

C 

Straight 

4^ 

Sep  "S 

Dec  "b 

IS 

( 

Straight 

4b 

Sep  ■’S 

Dec  7b 

IS 

( 

Straight 

4'' 

Sep 

Dec^b 

IS 

( 

Straight 

48 

Sep'-S 

Dec  7b 

IS 

C 

Straight 

44 

in  storage 

WPS 

(■ 

Straight 

S() 

in  storage 

- w’p:s 

( 

Straight 

SIA 

in  storage 

-WPS 

( 

Straight 

^2A 

in  storage 

WPS 

( 

Straight 

W 1 

Sep  ■'5 

Dec  "b 

IS 

D 

Straight 

W 2 

Sep  "’S 

Dec  7b 

IS 

D 

Straight 

W 1 

Sep  \S 

I )ec  "'b 

IS 

D 

Straight 

bSj>ccinK*ns  4^  ihrouj^h  4H  ami  W 1 thrmij^h  W ^ vktc  expt»sod  m a brackish  «ati*r  [•Kaiion  in  the 
Mich«ui(l  ( anal  near  New  Orleans 
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T iihle  7 


Klrclrira)  KenitUiru'e  Data  for  Wirr»  Kxponed  in  Bnu'klih  Walar 

Kewlalanre  Krsitlance  After  IS  Months  of  i‘!xp4»sure«  mW 
liefore 


Material 

Exposure,  mW 

BIm  k 4S 

Him  k 4H 

MM  >(H 

4 40 

4 (.1 

I 14 

MM  WM 

f>  0‘' 

f»  (1 1 

1,  IIU 

\l  MH  O IN 

I4X) 

IS  ts 

14  SS 

AIM  4t0 

2.HS 

1 IH 

2 >r 

A M t 

t 00 

^ 

.1.0’ 

( arbon  Steel 

I (tO 

2.iS 

2.0S 

(btivani/ed 

2.2S 

2.'"0 

2.'H 

( oppePAcltl 

().(>(! 

0.*'' 

0.'’!^ 

Table  H 

Tensile  Test  Data  - AISI  201  Stainless  Steel  Wire'* 


Specimen 

Maximum 

[.oad. 

Ibf(N) 

Tensile 

Strength, 

ksifMPa) 

Reduction 
in  Area, 
pereeni 

Failure 

Lot'ation 

1 1 nexptised  Standaril  1 

4S2S  (2012^1 

PM  (122'’) 

14 

— 

— 

0.42 

2 

4.SS0  (202.^8) 

r ti 2 14 1 

VI 

— 

0 40 

1 

4t»00  (2lMM» 

IHl  (I24HI 

A"’ 

— 

— 

0.4n 

4 

4t)t)0  t204hl) 

IMl  H24HI 

IH 

— 

— 

0 4H 

Avera^tc 

4S#>4  (2012A) 

IKO  (1241) 

l^.S 

— 

— 

0 44 

li  l-resh\sater  1 xp**siire 

n months  (Blosk  tHi 

44’‘>  (lOOOSi 

I'h  1121 1) 

VI  1 

0.4H 

vkater 

040 

IH  months  (HltKk  W) 

4'.^)  (2(M2''I 

IMO  II24II 

.Ph 

1 (K) 

water 

04' 

k)  months  t KKh  k 2H) 

4400  (l'*‘^’ll 

I’h  11210 

na 

0.40 

NA 

NA 

It)  months  t HUk  k W)l 

44M)  (I4K4IO 

m Il22’i 

S4 

0 4H 

water 

0.K4 

4 \ nitmlhs  (Bhuk  12) 

4S00  I 2001M 

INO  (12411 

IK  .1 

0,4H 

water 

0.4H 

Hi  Brackish  Water  I xptisures 

1 S months  1 Blink  | S) 

4S<I0  ( 200lti' 

IkO  (1241) 

IH  4 

0 4K 

water 

0.44 

^0  ISO  m '4  SM  niniMiMnuMcr.  0.02S  Mj  in,  (lt>  4 mm')  cr»As  section. 

^ Ratio  ot  slrenmh  of  cx[>osc(l  s|K*cimcns  to  averaKf  strcn>4th  of  uru‘xp«»se(1  siamiards 
^ I rue  strain  of  fracture 
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Table  9 


Tensile  Test  Data 

MSI  Ml  SUInlMt  SimI  Win  ' 

Specimen 

Mavlmum 

L<md 

IbfiM 

Tensile 

Strength. 

ksliMPa) 

Reduction 
in  Area, 
percent 

K.*’ 

Failure 

Location 

I’nexpiAcd  Standard  1 

4!8<)  IlKSqH 

200  (I  .IW) 

— 

— 

0.4S 

2 

4120  (18.12f)l 

14^  (1.158) 

lf> 

— 

0 4S 

\ 

40'.^  (I812M 

145  (1  144) 

14 

— 

— 

0.42 

4 

40^.5  U8l2b) 

14*=>  (1  144) 

.17 

— 

— 

0.4h 

\sera>ic 

41  12  1182401 

14"*  (1158) 

15.7 

— 

— 

0 44 

1 reshwater  1 

xposurcs 

1 month 

iHl.vk  UH 

4000  tr^42) 

142  (1.124) 

15.fi 

0.4’ 

ssater 

0.44 

} months 

iBlosk 

WOO  (1^14^1 

18’  (12841 

V)  2 

0.45 

wafer 

0.4.S 

h months 

iBl.Kk  4| 

14t)0  (PU") 

187  (1284) 

lh.2 

0.45 

water 

0.45 

n months 

(BltK'k 

4200  (18h82) 

201  (118f.) 

14.h 

1.02 

water 

0.22 

1 2 mt>nths 

iBhvk  22) 

4P5  (185^0) 

2(M1  fll'’4) 

15.0 

1.02 

concrete 

0.4.1 

|M  months 

(HhK-k  ^9) 

4H>0  UHStMl 

ON  (1  P2) 

.14  8 

1.01 

concrete 

0 45 

24  months 

(Block  8) 

4050  (I80I4) 

0*4  (1  118) 

.P.’ 

0.48 

concrete  water 

0 4" 

interface 

V)  months 

iBiiKk  28) 

4250  118404) 

202  (1.14.1) 

NA 

1.0.1 

NA 

NA 

Vi  numths 

iBIiKk  m 

4HK)  (182.17) 

145  (1  144) 

NA 

1,00 

NA 

na 

4.^  months 

(Bl.Kk  .12) 

40.14  (r44.1) 

142  (1.124) 

14.Q 

0 48 

water 

0.51 

months 

iBltKk  12) 

41h^  (185.15) 

148  (I.lhS) 

.18.0 

1.01 

concrete 

0.4K 

15  months 

( Bl«H.‘k  4^) 

401)  (1810  .1) 

144  (1.1.17) 

.18.0 

0,44 

concrete 

0 4« 

“<)  in  M 14  nmi)  (iiiinuMfr.  0 il^I  sipn  lH4  mm'l  cross  section. 

^ Katio  of  strength  ot  ex(>osed  s|H’ciniens  \o  aserajje  sirenjilh  ot  unexposcd  standards. 
'•’  I rue  strain  at  fracture 


Table  10 


Tensile  Test  Data 

Arm  CO  18-2  StmlnleM  Steel  Wlre^ 

Maximum 

i.oad. 

Specimen  IhfjN) 

Tensile 

Strength, 

ksliMPa) 

Reduction 
In  Area, 
percent 

R.f’ 

Failure 

Location 

1 'nexpi»sed  Standard 

1 

2040  (424(1| 

205  (1H2") 

0 

— 

0 

2 

2425  (IO'’Wi( 

104  (2I.V)) 

0 

— 

— 

0 

1 

25hO  110447) 

MKI  (200H) 

0 

— 

— 

0 

4 

2550  110455) 

244  ( 20021 

0 

— 

— 

0 

Average 

2V)^  II02S'') 

245  ( 2020) 

0 

— 

— 

0 

Freshwater  l xj>osures 

n nu»nths  (Block  18/ 

2400  (HXi75) 

,K)0  (2110) 

0 

conc'fcte 

0 

18  months  (Block  14) 

2550  (10455) 

244  (2(Ki2) 

0 

I 02 

water 

0 

to  months  1 BIik  k 28) 

24)10  (100 ■’h) 

,«)0  (21 10) 

NA 

1 (M 

NA 

NA 

V>  months  (Block  10| 

2KK)  (102.101 

2KN  (14)40) 

0 

1 (N) 

water 

0 

4 1 months  iBIixk  12) 

2205  (4"44) 

275  (1)444) 

I-O 

0,4(1 

concrete 

001 

Brackish  Water  i x[H»sure 

|5  niomhs  (Hliw  k 4S) 

1200  15.118) 

150  110.14) 

0 

0.52 

water 

0 

^tl  Hit)  in  <2.4^  mm)  diameter.  0 Ot)h  sq  m (5>  I mnH)  cn»ss  section. 

^ Ratio  <»l  streniith  of  exposed  speuniens  to  aseraKr  slrenKth  ol  unexposed  standards. 
I rue  strain  at  fracture 
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Tahk  II 


IVnsIk  leti  l)au  AISl  4.V)  SlnlnkM  Steel  Wlre^ 


Specimen 

Maximum 

Load, 

IhflM 

Tensile 
Strength, 
ksl  (MPa) 

Rcdut'llon 
in  Ana. 
percent 

R.t' 

Failure 

Location 

,,c 

l I nesposcdSt 

andard  1 

AMU)  i|d|2t>) 

\r  ld4S) 

12 

— 

— 

0 .Id 

s 

4^tst)  tldWl) 

1 W idSxi 

12 

— 

— 

O.ld 

1 

4ro  Itd4lx) 

1 W idsM) 

It) 

— 

— 

0 16 

4 

4420  MdooO) 

141  id^2) 

11 

— 

— 

0,.ld 

Average 

4.V>2  (|d402> 

Md  (dSH) 

11  2 

— 

— 

0 Id 

(1  1 reshwatcr  1 

xjvosures 

) month 

(Hlosk  iv*) 

4100  1IH2^") 

I4I  tdtMi 

2't.5 

0 

— 

0..1S 

^ months 

l KI<k  k ""I 

421NI  IIH042) 

1 M (d24i 

2SO 

().dt> 

water 

0.29 

n months 

iHl.K-k  d) 

42SI  ^lSd^^4l 

Id  in 

Vl  1 

(».d" 

water 

0..Vi 

1 2 mtinths 

iHI.Kk  22) 

42\>  ‘1^*01^) 

I4h  (dVO 

11. S 

O.dK 

concrete  water 

0.  IH 

interface 

24  nionths 

1 Block  X) 

4IH0  ilHSd.l) 

1 14  (dP) 

2h,4 

(),dh 

concrete  water 

0.14 

interface 

Vi  months 

( BliK'k  1 1 1 

42'5  (ldtl|5) 

i.V)  (d.i«) 

NA 

O.dh 

NA 

NA 

nmnths 

(Bl.Kk  l2t 

41  HHVi4) 

l.V)  iHdM 

14.S 

O.dK 

concrete 

0 42 

III  Brackish  Water  1 sposures 

1 months 

» Block  A>) 

2fvd0  (!  Idh.S) 

K’  (SdH) 

2.0 

0.62 

water 

002 

^0?onm  mnUduimt'lor.O.OM  sqm.  (20  ^ mm')  cT(As  scclit»n. 

^Kalu'  of  sirengih  of  cxp»>sed  specimens  ti»  average  strength  of  unexp<»sed  standards. 
'*■  I rue  strain  at  fracture 


Table  1 2 

Tenifle  Te»l  Data  - AM  .W>3  SuinleM  Steel  Wlre^ 


Matimum  Tensile  Reduction  R,^  Failure 

Load,  Strength,  In  Area,  Location 

Specimen  Ibf(N)  kil(MPa)  pen-ent 


! 1 nexj)osed  Slarufard  I 

4t>00 

(20461) 

124  (d.V‘1) 

44  1 





0 6K 

2 

4(i00 

(204M) 

124  (MS.S) 

.SI  0 

_ 

— 

0 ^.1 

1 

4MK) 

l2(M(ill 

124  Ot.S.Sl 

4K  H 

— 



0 0’ 

4 

4f»t)0 

(20461) 

124  (N.S.S) 

4d.K 

— 



0.6d 

Average 

4000 

(204011 

124  (K.S.Sl 

4d  H 

— 

0 6d 

II  hreshwater  Txposures 

6 months  1 Bl»Kk  .11) 

4^"^S 

(20.1S0) 

124  (HA.I) 

4S.2 

Odd 

concrete 

J.tiO 

IH  nionths  ( Blmk  Id) 

4S20 

(20I0'.| 

122  (Mil 

4d..l 

0 dK 

concrete  water 
interface 

0 6H 

W)  months  iBlock  2K( 

4S‘^S 

1201 VII 

124  (N.A.Sl 

NA 

0 dd 

NA 

na 

l6  months  ( Hhii k K)) 

4120 

11021S) 

ir  OtOip 

74 

0.d4 

water 

1 .15 

41  months  (BliKk  12) 

4210 

llN’2h) 

114  (’801 

.S’.l 

0 42 

concrete 

0 85 

III  Brackish  Wafer  1 xposures 

I. S months  1 Block  4S) 

Idll 

(P4d4) 

100  (7111 

18  7 

0.H6 

water 

0.4d 

*0  21  *’  in  (S  Si  mm) diameter.  OOP  sq  m 

(21  H 

mm')  cross  section. 

^Kafio  of  strength  of  c«|x*sed  spcctmens  to  average  strength  of  unexjvosed  standards. 
’“’I  rue  strain  at  fracture 
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Table  I } 


Tensile  Test  Data  Carbon  Slael  Wire'* 


Specimen 

Maximum 

L(»ad, 

lhf(N| 

TriMik 

Strength, 

kiMMPal 

Reduction 
In  Area, 
percent 

R,*’ 

Failure 

Loc'ation 

I nexpi'setl  Sfamiartl  1 

4225  (1M"4.0 

205  U4I.1) 

21.5 

— 

— 

0.2’ 

2 

4180  UH.S4  0 

20.1  11400) 

18  5 

__ 

— 

0 20 

1 

4225'  (IH"4.1I 

205  ) 141.1) 

14.0 

— 

— 

0.21 

4 

4P.S  (IH51'I)I 

20.1  1)400) 

1 4.0 

— 

— 

0.21 

freshwater  1 

Average 

xpi'sures 

4201  IIHOKh) 

204  11407) 

20.0 

0,22 

1 m«>nth 

(HI.Kk  W) 

44SO  ( 1 ■’570) 

(42  1(124) 

14,8 

0.44 

concrete  water 
interface 

0.22 

} niiuilhs 

iBl.Kk 

,U50  (14401) 

166  II 156) 

26.5 

0.8t) 

concrete  water 
interface 

0..1I 

h months 

(lil.K-k  4) 

.1450  (15.V4h) 

167  (1)51) 

26.5 

0.62 

water 

0..1I 

1 Block  Wl 

.4050  1 1, 1.560) 

]46  11020) 

24.6 

0.7.1 

water 

0..15 

1 2 nu  nths 

iBl.vk  :(ll 

2h''5  11  1848) 

\M)  (84f>) 

.15.2 

0.64 

concrete  water 
interface 

0.4.? 

IH  months 

(Hhvk  .14) 

I.5B0  (■’02H) 

77  (5,11) 

51.2 

0..16 

concrete  water 
interface 

0.72 

24  months 

(Block 

0 (0) 

0 10) 

— 

0 

— 

— 

V)  months 

iBIiKk  2KI‘' 

0 (0) 

0 10) 

— 

0 

— 

— 

In  m«)nths 

iBI.K'k  lll<' 

0 (0) 

0 10) 

— 

0 

— 

— 

^0  lh2  m,U  M n>m)  djanificr.  0.021  sq  in.  1 1 cross  secMion.  ^Truc  strain  at  fracture. 

^Katu)  of  strength  of  expt>scd  specimens  to  average  strenj»th  of  unexpttsed  standards.  ^Completely  corrtxled  into  two  pieces. 


Table  14 

Tensile  Test  Data-  Galvanized  Carbon  Steel  Wirt*' 


Specimen 

Maximum 

Load, 

lbf(N| 

Tensile 

Strength, 

ksi(MPa) 

Reduction 
in  Area, 
percent 

R,*’ 

Failure 

Location 

o'-' 

( 1 'nexp«>scd  Standanl 

1 

P40  ('4ni) 

158  (1084) 

I6..1 

— 

— 

0.20 

2 

1800  I80()n) 

154  (1046) 

18,8 

— 

_ 

0 21 

? 

1610  ( 6051) 

160  (1  10.1) 

17.5 

— 

0.14 

Average 

I8(K)  (H(KH>) 

1.54  (1046) 

16.2 

— 

— 

0.20 

II  i reshwater  l:xposures 

1 mtuilh  (HItKk  14) 

\m)  (80(Hi) 

154  (10461 

25.0 

1 (X) 

concrete  water 
interlace 

0 24 

^ months  (Klock  ’’) 

1800  (8000) 

1.54  (1046) 

22.5 

1 (K) 

concrete  water 
interface 

0.25 

n months  iBImk  4) 

1800  ( 8(K>n) 

154  (1046) 

0.7 

l.(X) 

concrete  water 
interface 

0.0' 

12  months  (Hlixk  22) 

1800  (8000) 

|54  (10461 

24.2 

l.(X) 

concrete  water 
interface 

0.26 

24  months  (Block  8) 

I6.V)  (6140) 

162  (11)7) 

21.5 

102 

concrete  water 
interface 

0 24 

V»  months  (Block  1 1 ) 

|■’7S  (■’645) 

161  (IIIOI 

NA 

0.44 

NA 

NA 

SS  months  (BUxk  12) 

14.14  (6176) 

l.U)  (844) 

24  2 

0.60 

water 

0..V4 

III  Brackish  Water  I xposures 

1 5 niimfhs  (Bhxk  45)‘^ 

H)}.\  (22187) 

240  (1652) 

.14.8 

— 

water 

0.44 

'*0  I 20  in  1 1 0^  m ml  diameter.  0 011  sq  m (7. 1 mmO  cr»»ss  section 
^’Katio  of  strength  ol  exposed  s|x*cimens  (o  average  strength  ol  unexptised  standards 
I rue  strain  at  fracture 

‘V)  Ihh  in  i4  22  mm»  diameter.  0.022  sq  in,  (14  0 mmO  cn»ss  section 
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Table  I S 

Tensile  Test  Data  < opperweld  ( arbon  Steel  Wire*' 


Spei'imen 

Maximum 

laMui. 

lhf(N| 

Tvnailr 

S(rrn|;th. 

kiliMPal 

Reduction 
in  Area, 
prrrenl 

Failure 

Location 

0^' 

l nexjHiseii  Siamlard  1 

1440  tMOSi 

l(W  (■’4S) 

27.0 



— 

0 42 

2 

1440  I040S) 

ION  (■'4.S) 

2N.' 

— 

— 

0 M 

\ 

1440  0*40Sl 

ION  l’4,‘^l 

2'.l 

— 

— 

0.42 

4 

14V)  ihVil) 

ION  (’4Sl 

2(1  4 

— 

— 

0 .41 

\vera«c 

I4^M  lt>^Mf>) 

ION  ('4.‘i» 

27,,'. 

— 

— 

0 42 

1 reshwaier  1 

\pt>siire 

1 m*'nfh 

iHI.Kk  IMi 

) VSO  UjOOs) 

104  CJp) 

,10.0 

0 M4 

concrete  water 

0,  4ft 

interface 

^ months 

iHKK-k  ') 

1400  (MOM 

10,'.  ('241 

20,2 

0.M7 

water 

0. 45 

n months 

<Hloik  M) 

I4.S0  tMSO) 

ION  (^4.Sl 

,V).N 

I.OI 

concrete 

0.4’ 

t>  numihs 

tHl.vk  IM) 

1400  (MO.^I 

lOS  ('241 

,1.1. 1 

n.M'^ 

water 

0.40 

1 2 months 

iBUK-k  22) 

1225  t.M4M) 

02  (M4> 

,12.. 1 

().«5 

concrete 

0 .4M 

Ih  months 

(RUvk  VO 

14(XI  (04051 

10,4  ('241 

2,S.h 

0 

concrete 

0 V) 

24  months 

1 Hlos'k  Ml 

1410  (h2'^2) 

10,'.  ('241 

27.0 

0.M8 

water 

0 42 

•V»  months 

iHiiK-k  2H) 

1.^50  (W)05) 

104  ('PI 

NA 

0.M4 

NA 

NA 

months 

( Hloi'k  1 I ) 

1.^50  UVM)5) 

104  (?Pl 

NA 

0.M4 

NA 

NA 

Vi  months 

iHl<Kk  VI) 

I.V50  (fVV)5) 

104  (7pl 

44.0 

0.M4 

water 

0.58 

4 ^ months 

iBl.K-k  ^2) 

12'’()  i5MM) 

ON  (h74) 

2K.5 

O.HH 

water 

0..44 

months 

iHl.Kk  12) 

1254)  (55hO) 

0<)  (hh.O 

12.1 

0.87 

water 

0..4M 

Brackish  Water  I xposures 

I ^ months 

(Hl.vk  4.S) 

1 VVi  (tVl'i’M 

10,'.  (724) 

2N..4 

0.M5 

water 

044 

^0  I 10  m f V VI  ninO  (iiamclcr.  0.(M.Vsq  in.  (b.^-mnr'UTitss  section. 

^ Katto  ot  strcnjilh  of  exposed  uired  to  auTa^c  strength  of  unexposed  standards. 
^ I rue  strain  at  fracture 


Table  16 

Tensile  Test  Data  PVC'.C  »ated  Carbon  Steel  Wlre^ 


Spei'imen 

Maximum 

Load. 

IbriM 

Tanslic 
Strength, 
kii  (MPa) 

Reduction 
In  Area, 
percent 

R.^ 

Failure 

Location 

Cnexposed  Si.( 

indard  I 

140  (i'.l2) 

77  (511) 

.44.7 





0 41 

2 

lio  (i  ro) 

7()  (4N1) 

45.4 

— 

— 

0.(i0 

,4 

MO  (I,'.i2) 

77  (511) 

52.0 

— 

— 

0.71 

4 

Ml  (l  llti) 

7N  I.5.1N) 

49  .4 

— 

O.tiN 

Average 

111  (i4NI) 

75.5  (.5211 

45.4 

— 

— 

O.tiO 

1 reshw  ater  1 x 

p«*sures 

1 month 

(Hhuk  19) 

VXI  (11 M) 

(iN  (4fi0) 

.4  7.  ,4 

0.90 

concrvte 

0 4’ 

4 months 

(Hloik  ■') 

12.S  (144(1) 

74  (510) 

26.7 

0.98 

concrete  water 

0.11 

interlace 

ft  months 

iHloik  M) 

l.NO  (IS.S7) 

70  ( 54,5) 

49.,4 

1 05 

concrete 

0.(iN 

12  months 

(Block  22) 

ISO  (IS.S7) 

'0  (545) 

48.0 

1.05 

water 

O.ti.S 

24  m*»nths 

(Block  8) 

11  1 1(102) 

7|  (400) 

51.6 

0 94 

water 

0.71 

4ft  months 

(RImk  ID 

ISO  ( 1 S.S7) 

N7.5  (tiOO) 

NA 

1.05 

NA 

NA 

*0(rS  m II  MO  mm)  diameter.  0.004  so  in.(2.H  mmOcn»ss  secOi'n, 

u ' 

^RaOo  of  strength  «»f  exposed  specimens  to  average  strenjjth  of  unexposed  xtandanis. 
I rue  strain  at  fracOire. 


M) 


Tfthk  17 


Tensile  Tesi  OaU—  Pnlyelhylene  Coated  Carbon  Steel  Wlre^ 


Speilmen 

Maximum 

Load. 

IbffNl 

Tenillc 

Strength, 

ktMMPal 

Reduction 
In  Aren, 
percent 

R,'’ 

Failure 

Location 

(A' 

rnexj>i»sed  Standard  1 

42'’()  (IK^A) 

210  II44H) 

24.S 

— 

— 

0.24 

2 

42^0  (IHWW^I 

210  (I44H) 

22..S 

— 

— 

0.2.1 

42SO  (IHVM4) 

204  (1441) 

.%.() 

— 

— 

0 41 

4 

42SO  (1H4(W) 

204  (1441) 

24.2 

— 

— 

0,21 

•Average 

Kreshwater  Fxp<'sures 

42M)  Uh44HI 

204..S  (1444) 

27.2 

0..12 

1 month 

(Block  1^) 

42()()  llHhM2) 

20(1  (1420) 

24.  K 

0.44 

water 

0.2(1 

^ nnmths 

(Hl.Kk  "1 

42SO  (IH^W) 

204  (1441) 

24.2 

1.00 

water 

0,11 

h months 

(Bhxk  41 

4VK)  Il4l2f>) 

211  (14S5) 

2K.0 

I.OI 

concrete  water 
interface 

0..V1 

1 2 months 

(Block  22) 

4()>()  (IH014) 

2(K)  (l.r4) 

24.2 

0.4.S 

concrete  water 
interface 

0..V1 

24  nnmihs 

(Blosk  H) 

42.SO  (1M404I 

204  (1441) 

2K.ti 

1.00 

water 

0.14 

months 

(BliKk  ID 

4.ro  (l^M.^H) 

214  (1510) 

NA 

1.0,1 

NA 

NA 

•»().  Ihl  m.  (4.(W  mm)  diameter.  ().()2()  sq  in.  H.V  1 mm^)en>ss  section, 
b Ratio  ol  sfrenj^th  of  cxp<»sed  spes'iniens  asera^e  strength  of  unexposed  standards, 
c 1 rue  strain  at  fracture. 


Table  18 


Depth  of  Corrosion  In  CoppersveM  Steel  Wlret^ 


BIfK'k 

FvXposure 

Time, 

months 

Depth  of 
Corrosion, 
In.  (mm) 

1 Freshwater  F.xposure 

14 

1 

0.047 

U.I4I 

*• 

.1 

0.0N7 

(2  21) 

10 

.1 

0.074 

(2.011 

4 

h 

0.224 

(1641 

2.1 

h 

0.201 

(1.21) 

r 

h 

0 264 

(6.7|) 

18 

6 

0.2,16 

(6.K)) 

2f) 

12 

0.174 

(4..10) 

22 

12 

0.2.16 

(1.441 

24 

18 

0 112 

(ll.(X)l 

.14 

18 

0.411 

(1  l.OOl 

8 

24 

0.411 

DUX)) 

21 

24 

0.411 

(ll.(X)l 

Kl 

.18 

0.171 

(4.11) 

.12 

4.1 

0.621 

(I1.H8) 

.1.1 

4.1 

O.VX) 

(12.7) 

12 

55 

0 621 

(I1.IW) 

1 Brackish  Water  Fxposu 

re 

4S 

15 

0.K7.S 

(22.22) 

48 

15 

1 (X) 

(21.40) 

^All  peneiratnin  depths  were  measured  on  the  ends  submergetl 


in  water. 


31 


I 


Table  1*1 


Average  C omiaton  Ralea  of  Varioua  Suinicaa  Slaeb  Determined  b;  6S  Perrent 
Boiling  Nitric  Arid  Test 


Allot 

.SUle'* 

Welding  Conditlont 

KlectriKle  Set'ondari' 

Loading,  Ibf  (N)  Ampa 

C'»rl»» 

( orroalon  Rate, 
mpg  (mm/trl 

■\rmco  IH  2 

AKUI 

— 

— 

42  S 

II  OH) 

wm 

A')0  (I’IS) 

■'000 

1 

44  ^ 

II  ID 

AKi2l 

— 

— 

2^4 

10  ■’S) 

Wt2) 

A>)(i  in')) 

kXKI 

2 

44  I 

II  2“;i 

AKH) 

— 

— 

— 

44  7 

II  (III 

Wi.lt 

^o()  (t  n4) 

.1N«) 

1 

NI) 

NI) 

s 

— 

— 

— 

4*’  7 

(2.48) 

AIM  -Kll 

AKin 







21  ^ 

(0..S.S) 

wm 

MK)  (2(>(>b) 

.VKMI 

4 

22  4 

(0.S8I 

AK(2I 

— 

— 

— 

IKO 

(0  481 

Wi2) 

■'HO 

7000 

5 

2.A.2 

(0.54) 

AKill 

— 

_ 

_ 

144 

(0..5I) 

Wl.l) 

■’HO  l34bm 

,1.S(X) 

s 

22.7 

(0.58) 

s 

— 

— 

— 

44.5 

(1  28) 

AISI  2()l 

ARID 







44. ,1 

(1.25) 

wm 

HOO  f.V'^SH) 

I4(MX) 

4 

57.5 

(1.481 

AK(2) 

— 

— 

4h.O 

(1.171 

wai 

1 1■’()  l?'204l 

PNX> 

s 

4->.l 

(1  201 

AKdl 

— 

— 

— 

4.A.8 

(Ml) 

Wl.l) 

^HO  (4.15^1 

I4<KI0 

7 

,M4 

(1  ,18) 

s 

— 

— 

— 

44.0 

(1.241 

AISI  4KI 

A Km 







4H.0 

(1.221 

wm 

H(KI  (A.S.SH) 

I4(XX) 

4 

4‘'4 

(1  201 

AKl2) 

— 

— 

— 

4H.5 

(1.2.1) 

W(2l 

m)  (.'•2041 

I0S(X) 

7 

44.4 

(I.2.M 

ARM) 

— 

— 

— 

4(1.8 

(1  14) 

Wl^l 

'iH)  (42^0) 

I4(XN) 

7 

S8.I 

(1  48) 

s 

— 

— 

— 

■’1.4 

II. HI) 

AM 

AKin 





. _ 

24^.5 

(7..58I 

wm 

'tH)  (42'’0) 

,(S(X) 

5 

42b.4 

(8.  .10) 

ARi2) 

— 

— 

— 

NI) 

NI) 

W(2) 

4h()  (42‘’0) 

io.s(X) 

7 

,120  2 

(8.1,1) 

ARIA) 

— 

— 

— 

.1.12.’ 

(8.45) 

WiM 

IPO  (.S205I 

lO.KX) 

■? 

,128.4 

(M..V» 

S 

— 

— 

— 

2,X).0 

(5  84) 

* AR  as  received,  ivm samples 

W Nselded,  one  sample 

S = sensiti/cd.  lour  samples 
NI)  no  data-  condenser  broke 
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Tabir  >0 


Tvpk'al  Tap  Wairr  Anahab  (Traaladl 


( hemkal 

QluinHiy, 

mgl 

Iron 

00 

(VO 

< akiurn 

ISO 

Md^iu’Muni 

4S0 

.•\mnumium 

0 0 to  2.0 

Scnlium 

ISO 

Silica 

70 

Huorulc 

1.0 

ChloruJc 

4 0 

Sullaic 

.VS.O 

Nitralc 

0.4 

1*  -Mkalinitv 

14  0 

I .-MkahnitN 

1 IS.O 

Hardness 

HO.O 

loial  Dissolved  Mineral 

IhO.O 

I nrbidity 

0 ()  units 

Color 

OO  units 

Odor 

0.0  units 

pH 

^.0 

Table  21 

Open  Circuit  Corrosion  Rales  of  Stainless  Steels  In  Tap  Water 

Material 

Corrosion  Rate 
mpy  (mm/yr  x 10  ') 

AISI  201 

O.OOH  (0.20.0 

AIM  MH 

O.O.V)  (0.782) 

AM  16.^ 

0.001  (0.02S) 

Arnico  18-2 

0.008  (0.204) 

AIM  440 

0.007  (O.PK) 

Tabk  22 

lini'oupled  Open  Circuit  Potentials  and  Corrosion  Rates 
of  lx>w  ( arbon  Steel,  ( opper,  and  /Jnc  In  Tap  Water 

Material  PnCentlal,  V (SCE) 

Corrosion  Rate, 
mpy  (mm/yr| 

1 ( arhon  .Steel  -O.MS 

(upper  ♦0  007 

/me  -1017 

S4  (0  1.17) 
0.07.1  (OOIM 
0.14  (0.0(80 

.1.1 


Table  23 


Candidate  Materials  for  Mississippi  River  Revetments 


Per\-*nl 

Pen'enl 

Tensile  Strength,^' 

Trade  Name 

Typ»" 

('hnimlum 

Nli4tel 

kil 

(MP.I 

AIM  4<)n 

1 

11  1'. 

0 

-HI 

(6211 

Arnu  o 4(X) 

K 

i:  s 

0 

hO 

(4141 

Armco  4<N 

F 

II  F 

0 

'0 

I4H1I 

Arnico  IH  SK 

F 

IK 

0 

4.1 

1641) 

( arf>enter  No.  1 Jr 

F 

11 

0 

Hh 

(541) 

( ar|H‘nter  Sh 

F 

14 

0.5- 

40 

(621) 

( arjH’nter  4 M Hs 

F 

r 

0 

HO-140 

(,552-465) 

( roll's  I fi  1 

F 

l.S 

1.25 

40 

(621) 

( ruciblc4.V)  1 

F 

I’.F 

0 

7() 

(4H.1) 

C rucible  Bright  1-3 

F 

12 

0.5 

7() 

(4H.1) 

( rucihle  \ 7 

F 

II 

0 

70 

(4H.1) 

( rucible  b/.-Mixl 

F 

12 

0 

HO 

(,552) 

< rucible  f VN  1 

F 

1,1 

0 

70 

(4H.1) 

( rucible  f-4 

F 

1 1..F 

0 

HO 

(,552) 

(ilass  .Sealing  18 

F 

IH 

0,2 

HO 

(552) 

HWI 

F 

IH 

0.5 

70 

(4H.1) 

J.Vi  20  Mo 

F 

20 

0 

HO 

(.552) 

l*ro|ect  "■() 

F 

IH 

0 

■’() 

(4H.1I 

Kepublic  4441. 

F 

IH.5 

0 

H5 

(,5H6) 

Mb  2 

F 

12 

0.5 

70 

(4H.1) 

OKI 

F 

12.5 

0.5 

--F 

(517) 

Iniles  14041 

F 

1.1 

0 

45 

(6.56) 

I'niseal  18 

F 

14 

0.2 

70 

(4H.1) 

Arnico  22-4  4 

A 

21 

3.5 

160 

(110.1) 

( rohn  244 

A 

17 

1.5 

170 

(1172) 

( rucible  U>  lb- 1 

A 

Ih 

1.0 

105 

(724) 

( rucible  22.1 

A 

IH 

O.b 

1 10 

(7.5H) 

Nitri'nic  .U'- 

A 

IH 

1.5 

120 

(H27) 

Nitronic 

A 

IH 

3.3 

115 

(74,1) 

I enclon 

A 

IH 

0 

125 

(H62) 

20S 

A 

r 

1,3 

125 

(H62) 

‘*1  = ferntu  stainless  sled.  A - austenitic  stainless  steel 

^Man<UnH»k  values  tt>r  tensile  strength;  can  he  greatly  elesaled  by  coldwork. 

'’Same  as  Armco  lH-2, 


Figure  1.  Articulated  concrete  mattress  reinforcing  fabric. 
SI  conversion  factor:  I in.  = 25.4  mm. 


.VS 


Figure  2.  "Squares"  alter  easting.  I he  squares  consist  ol  concrete  slabs  cast  onto  the  wire 
tahric. 


Figure  5.  Hxposurc  rack.  Specimen  blocks  were  inscrii'il  itilo  ilic  lion/onial  shelves,  anil  the 
entire  assembly  was  lowered  into  the  Mississippi  Kiser  or  Vlielioinl  ( .iiial  ens  iroiimeni 


.17 


Figure  8.  C (irrosiiin  ;m;uk  inlu  ihc  inkiior  n|  ,m  A!SI  4<(l  Mill  sj>i‘iimcn.  Only  a 

thin  uncornxicil  oiitiT  lavcr  remains.  iMIock  45H'’ 


Figure  9.  ( orroMon  and  pimiii;  in  AM  Vi.t  stainless  sleel  uire  .liter  I'  nionliis  nl  exposure  in 
brackish  water.  iHloik  481 


Figure  11.  SI  M [/tiologi-.iph  ot  the  acci’lcralcd  oinuMoii  ii-iiiiiii  in  plain  (..iihoii  sled  wire. 
Note  the  ^eomeirv  nt  attaek.  the  layered  eorrosiun  reuioii,  .iinl  the  afipareiK  .iilaek  at  the  grain 
bounda  ries. 


Figure  12.  Mierogr.iph  ol  galvaiii/ed  wire  alter  exposure  tor  I veai  Note  tin  preseiiee  ol  deep 
pits  in  the  /ine  outer  layer  w hieh  (lenetrale  to  the  siirlaee  ol  the  steel.  (Stis  i 


Figure  1.1.  SI  M niii.roi;r;qili  u1  iincxposcd  ^;ilv «in'  siirLui'  I [ns  slums  lhal  Ihe  /me 
outer  lau  t is  pined  prior  to  exposure. 


Figure  14.  Mu>ii  nia^tid'ieatioti  SI  .M  mieroi<rapli  ol  pits  (pores)  in  llie  /nu  siirl.u  e (,SO()x) 
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1.00 


25.0 


0.80 


20.0 


0.60 

0.50 


0.40 


0.30 


6.0 

5.0 


0.20 


4.0 


^ 0.08 


O Spring] 

.Foil  Wo'ef 

aFqII  -Brackish  Water 


20  30  40  50  60  80  100 


and  the  attack  on  the  insioe  of  the  copper  cladding.  (55x1 


Figure  16.  Depth  ol  corrosion  into  the  exposed  eiul  ol  copper  clad  steel  wires. 


i-igarc  17.  Lixrali/ed  corrosion  attack  in  the  copper  cladding  after  15  months  exposure  in 
brackish  water.  (Block  48) 
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Figure  18.  Pi)tenti(xdynaniic  polari/ation  cur\es  tor  AISI  201  stainless  steel. 
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Figure  19.  F’otentiixlynamic  polarization  curves  tor  AISI  301  stainless  steel. 
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Figure  20.  Potcntiixiynamic  polarization  curves  lor  Arnico  IK-2  stainless  steel 


Figure  21.  Poientiixiynamic  polarization  curves  tor  AISI  430  stainless  steel 


Figure  22.  Potentiodynamic  polarization  curves  tor  AM  stainless  steel 


Figur«  23.  Schematic  diagram  of  the  polarization  behavior  of  stainless  steels.  E.,  = corrosion 
potential;  u = corrosion  current;  = critical  potential;  1,  = critical  current  density. 


SO 


Potential  V (SCE) 


Figure  24.  PotcnliiKlynaniic  polari/ation  curves  for  AISI  201  stainless  steel  in  tap  water  .=<nil 
salt  water 
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Potent  iai  V ( SCE  ) 


Mguir  2S.  I’oti-niKxlynaniu;  poluri/ation  curves  tor  A I SI  301  stainless  steel  in  tap  water  ami 
salt  water 
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Pigurr  26.  I’oicntUKlynumic  polari/aliim  curves  lor  Arnico  18-2  stainless  steel  in  tap  water  and 
salt  water 
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Figurr  27.  I’oli-nlKKlvnanijc  polarualion  curves  lor  AISI  4.K)  stainless  steel  in  lap  water  and 
salt  water. 
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KIkuit  28.  PoiiTilioclvnaniic  polari/.aium  curves  tor  AM  .Vi.1  stainless  steel  in  tap  water  and 
salt  water 
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FiKure  29.  Rfsults  ot  the  linear  polarization  measurements  for  AISI  ,V)1  stainless  steel  in  tap 
water 
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Key:  a = tree  corrosion  wilhoii I eonlaet 
b = area  ratio  ol  0.004 
e --  area  ratio  of  O.OtKXK) 

Figure  .40.  Ffleet  of  aii<Kle-to-ea(h<Kfe  ratio  on  eoirtision  rates  of  low-earbon  steel  coupled  to 
copjH'r  in  tap  water.  Note  that  the  corrosion  rale  is  in  loj{  scale. 
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APPENDIX; 

PHYSICAL  REQUIREMENTS  FOR  WIRE 
FABRIC  MATERIALS* 


Solicitation  No.  DACW66-70-R-0050 


PART  II  - TECHNICAL  PROVISIONS 
SECTION  I - GENERAL 

1-01.  General . The  intent  of  these  soeci f ications  is  to  secure  noncor- 
rosive fabric  for  the  manufacture  and  assembly  of  articulated  concrete  mattress 
revetment.  Articulated  concrete  mattress  units  or  squares  consist  essentially 
of  20  concrete  blocks  in  which  is  cast  the  fabric  to  form  an  articulated  unit 
25  feet  by  4 feet.  The  fabric  therefore  is  used  as  an  assembly  system  for 
inter-conneciing  the  20  concrete  blocks  of  a concrete  mattress  unit.  To  provide 
long  life,  the  fabric  must  be  manufactured  from  a material  resistant  to  corro- 
sion when  subjected  to  air,  or  to  water  of  the  Mississippi  River,  whether  alone 
or  in  contact  with  galvanized  or  ungalvanized  steel,  concrete,  wood  or  other 
debris,  or  earth.  To  provide  suitable  handling  and  assembling  characteristics, 
the  fabric  must  be  sufficiently  stiff  as  to  not  be  unduly  deformed  by  normal 
handling  and  yet  must  be  sufficiently  flexible  to  permit  the  concrete  mattress 
to  conform  tn  the  irregularities  of  the  river  bed. 

1-02.  Type  of  MateriaJj.  (See  paragraph  2b)  The  fabric  shall  be  manu- 
factured from  material  having  corrosion  resistant  characteristics  equal  to  or 
better  than  the  AISl,  Type  301  chrome-nickel  steel,  or  of  material  with  a non- 
corrosive  metallic  covering.  Bi-metallic  wire  shall  have  a minimum  covering 
of  at  least  six  tiiousandths  (0.006)  of  an  inch  in  thickness,  and  in  addition 
shall  have  a sufficient  thickness  of  covering  to  provide  the  equivalent  protec- 
tion afforded  by  a coating  of  comnercially  pure  rnppo''  of  s’x  thousandths  (O.CCC) 
of  an  inch  properly  applied  to  the  steel  core.  The  covering  metal  must  be  per- 
manently and  integrally  attached  to  the  core  metal  and  must  be  uni'^orm,  dense, 
non-porous,  and  free  from  inclusions,  laps,  seams,  splits,  checks  and  slivers 
and  nodules  tending  to  separate  or  break  away  from  the  wire  itself. 


•^rom  .V/N'fi/nu/fofM  / fij/  /him  in’\  t \\  in-  / nrm\l  urn/  Struinht  Solicitation  No.  l)A('Ww>  ?()  K-()()5() 

((  orps  of  I n^inccrs  Mcmphiv  l)iMru  I. 
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Solicitation  No.  DACW66-70-R-0050 


1 


^CCT ION  2_-  FABRIC 

2-01.  Physical  Requirements.  The  fabric  shall  meet  the  following  require- 
ments : 

a.  Sjze  of  Wires.  Wire  used  in  manufacturing  the  fabric  shall  have 
a nominal  diameter  of  not  less  than  0.162  inch  nor  more  than  0.225  inch.  Prior 
to  beginning  of  manufacture,  the  Contractor  shall  advise  the  Contracting  Officer 
of  the  diameter  of  the  wire  he  proposes  to  use.  A variation  of  2 percent  plus 
or  minus  from  the  approved  nominal  diameter  will  be  permissible. 

b.  Fabrication.  The  reinforcing  fabric  shall  be  manufactured  in  ac- 
cordance with  the  detaiTs  shown  on  the  attached  drawing.  Serial  No.  1A107  File 
Cl/31.1.  The  end  loops  shall  be  parallel  to  the  plane  of  the  fabric  assembly 
within  a tolerance  of  10  degrees.  When  the  end  loop  is  formed  by  a mechanical 
tie,  the  end  bracket  wire  shall  be  included  in  the  tie.  Joints  in  longitudinal 
wires  of  bi-metallic  construction  shall  be  made  so  that  the  core  metal  will  be 
covered  with  a minimum  thickness  of  ten-thousandths  (0.010)  of  an  inch  of  non- 
corrosive  metal.  No  portion  of  the  weld  of  a bi-metallic  longitudinal  wire  shall 
be  more  than  5 inches  from  the  nearest  bracket  wire.  Samples  of  the  proposed 
joint  shall  be  submitted  for  approval  before  tiping  used.  The  joint  or  splice  in 
the  wire  forming  the  bracket  wire  shall  be  made  within  the  middle  third  on  the 
bracket.  Brackets  may  be  made  from  two  pieces  of  wire  instead  of  one,  provided 
that  not  more  than  2 percent  of  the  total  number  of  brackets  supplied  are  made  by 
this  method.  Bracket  wires  may  be  fastened  to  the  longitudinal  wire  by  mechanical 
or  ■.•;elded  f'es  at  show''  on  the  drawing,  except  that  weldino  of  bi-metallic  wire 
that  destroys  the  non-corrosive  qualities  of  the  wire  will  not  be  permitted.  Non- 
corrosive  mechanical  ties  will  not  be  required.  The  limits  of  error  permissible 
in  the  completed  fabric  are  as  follows; 

Bracket  dimensions:  1/4  inch  plus  or  minus  the  dimensions 

shown  on  the  drawing. 

Spacing  of  wires  in  fabric:  1/4  inch  plus  or  minus  the 

position  shown  on  the  drawing. 

Overall  length:  1/2  inch  plus  or  minus  the  length  shown 

on  the  drawing. 

End  loops:  1/8  inch  plus  or  minus  *:he  specified  inside 

diameter  shown  on  the  drawing. 

c.  Tensije  Strer^th.  (1)  Wire  used  in  manufacturing  the  fabric  shall 
have  a breaking”  strength  bfnot  less  than  4,000  pounds  in  at  least  75  percent  and 
not  less  than  3,600  pounds  in  the  remaining  25  percent  of  the  specimens  tested. 

(2)  Fabrication  Joints.  Any  joint  or  splice  in  a longitudinal 
wire  shall  have  a tensTle  strength  at  least  equal  to  that  specified  for  the  wire. 

At  least  75  percent  of  the  joints  or  splices  in  wires  used  as  bracket  wires  in 
the  fabric  shall  have  a breaking  strength  of  not  less  than  3,200  pounds,  and  the 
remaining  25  percent  of  the  joints  or  splices  in  the  bracket  wires  shall  have  a 
breaking  strength  of  not  less  than  2,900  pounds.  The  end  loops  in  the  longitudinal 
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wires  of  the  fabric  shall  develop  the  same  breaking  strength  specified  for  the 
wire.  Joints  tastening  the  bracket  wires  to  the  longitudinal  wires  in  the 
taoric  shall  not  reduce  the  specified  breaking  strength  of  the  wires  to  less  than 
3,600  pounds  and  shall  have  a shearing  resistance  of  not  less  than  100  pounds. 

d.  Ben^injj.  The  wire  from  which  the  fabric  is  manufactured  shall 
withstand  a minimum  of  seven  90  degree  bends  without  breaking  and  shall  be  capable 
of  being  wrapped  around  its  own  diameter  8 consecutive  turns  with  a pitch  sub- 
stantially equal  to  the  diameter  of  the  wire  without  signs  of  imperfections. 

e.  Flexi bi 1 i ty . The  wire  used  in  brackets  shall  have  a permanent 
deformation  angle  between  22  and  35  degrees  when  subjected  to  the  modified  I ZOO 
Impact  Test  prescribed  in  paragraph  2-02e. 

2-02.  Tests.  Tne  Contractor  shall  furnish  a certified  chemical  analysis 
of  each  heat  of  the  metal  (core  metal  only  for  bi-metallic  wire),  from  which  wire 
for  use  in  fabricating  the  fabric  is  drawn.  In  addition,  and  at  the  Contractor's 
expense,  the  finished  wire  shall  be  subjected  to  the  following  tests  to  determine 
that  it  meets  the  requirements  of  these  specifications; 

Tensile  Strength.  Tensile  tests  to  determine  the  breaking  strength 
of  the  fabric  wire  and  various  portions  of  the  fabric  shall  be  made  as  follows: 

(1)  Straight  unjointed  pieces  of  the  wire, 

(2)  End  loops  in  each  end  of  the  longitudinal  wire  in  the 
fabric , 

(3)  Joints  or  splices  in  the  bracket  and  longitudinal  wire, 

(4)  Pieces  of  wire  on  which  joints  fastening  bracket  wires  to 
longitudinal  wires  have  been  made, 

(5)  Shear  tests  to  determine  the  strength  of  joints  fastening 
bracket  wires  to  longitudinal  wires. 

At  least  one  tensile  strength  test  of  the  wire  shall  be  made  of  each  coil 
of  wire  approximately  1,000  pounds.  One  square  from  each  1,000  squares  of  fabric 
manufactured  shall  be  selected  and  a tensile  strength  test  made  of  at  least  two 
end  loops  in  the  end  of  the  longitudinal  wims;  four  joints  in  bracket  wires;  one 
joint  or  splice  in  the  longitudinal  wires;  and  three  pieces  of  longitudinal  wires 
and  three  pieces  of  bracket  wires  on  which  joints  fastening  bracket  wires  to 
longitudinal  wires  have  been  made.  From  this  same  square  of  fabric,  three  shear- 
ing strength  tests  of  the  joints  fastening  bracket  wires  to  longitudinal  wires 
Shall  be  made.  Tests  on  end  loops  formed  by  a mechanical  tie  shall  be  made  by 
holding  the  longitudinal  wire  and  the  two  portions  of  the  bent  back  bracket  wire 
included  in  tne  tie  in  one  jaw  of  the  testing  apparatus.  The  end  loop  shall  bo 
subjected  to  a pull  applied  on  the  end  of  the  loop  through  a "U"  shaped  loop  of 
wire  having  a nominal  diameter  of  not  less  than  0.195  inch  nor  more  than  0.225 
inch  or  through  any  apparatus  which  will  apply  the  required  pull  on  the  end  of  the 
loop  and  is  so  designed  that  its  shape  at  the  point  of  contact  with  the  loop 
simulates  that  of  a wire  of  not  less  than  0.195  inch  nor  more  than  0.225  inch 
diameter.  Tests  on  end  loops  formed  by  a welded  tie  shall  be  made  by  holding  the 
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longitudinal  wire  outside  the  limit  of  the  weld  in  one  jaw  of  the  testing  appar- 
atus and  the  remaining  portion  of  the  test  performed  as  described  above.  Should 
any  specimen  fail  to  meet  the  required  tests,  such  additional  tests  as  necessary 
to  detect  any  other  unsatisfactory  wire  or  fabric  shall  be  made,  and  all  wire  or 
fabric  failing  to  meet  the  requirements  set  forth  herein  shall  be  rejected. 

b.  Bending.  The  following  tests  shall  be  made  from  each  coil  of  ap- 
proximately 1,600^  pounds  of  the  wire  from  which  the  fabric  is  to  be  manufactured. 

(1)  A length  of  wire  shall  be  held  between  jaws  having  edges 
rounded  on  a 3/8"  radius.  The  free  end  of  the  wire  shall  be  bent  over  the  rounded 
edges  back  and  forth  through  an  angle  of  180  degrees  between  limiting  positions 

on  opposite  sides  of,  and  at  right  angles  to,  the  original  straight  wire.  Speci- 
mens shall  be  straight  and  shall  extend  approximately  10  inches  from  the  support. 
Bends  shall  be  made  at  as  nearly  a uniform  speed  as  possible,  not  exceeding  50 
bends  per  minute  and  in  no  case  shall  the  speed  be  so  great  as  to  cause  undue 
heating  of  the  wire.  Each  90°  movement  in  either  direction  shall  be  counted  as 
one  bend.  The  number  of  bends  shall  be  counted  until  the  specimen  is  severed. 

Then  failure  occurs,  90  percent  of  the  specimens  shall  have  withstood  at  least  7 
bends.  Bi-metallic  wire,  when  broken  by  repeated  bending,  shall  show  no  separation 
of  the  covering  from  the  core  metal. 

(2)  A length  of  wire  shall  be  wrapped  around  its  own  diameter  8 
consecutive  turns  with  a pitch  substantially  equal  to  the  diameter  of  the  wire 
without  signs  of  imperfections. 

Failure  of  these  tests  will  result  in  rejection  of  the  wire  repre- 
sented by  tne  sample. 


c.  Qual  ity  of  Coa^tin^of  Bij^Meta  1 1 i_c_Wij^.  The  following  test  of  the 
quality  of  coating  of  bi-metallic  wire  sh’alT~be  made  on  one  specimen  from  each 
?00  pounds  of  wire: 


(1)  Lengths  of  wire  after  having  been  wrapped  as  prescribed  in 
paragraph  ?-02b(2)  shall  be  subjected  to  a ferroxyl  test  to  be  made  as  follows: 

First:  Samples  shall  be  imnersed  in  a 15%  solution  by 

weight  of  hydrochloric  acid  for  approximately 
one  hour  or  longer  or  in  a 25*  solution  by  weight 
of  hydrochloric  acid  for  approximately  15  minutes 
to  remove  ferrous  contamination  of  the  surface. 

If  surface  contamination  is  still  present,  the  wire 
may  be  immersed  for  10  seconds  in  a 50%  solution  of 
nitric  acid. 


Second:  Sample  shall  then  be  immersed  for  one  minute  in  a 
solution  of: 


10  grams  of  Potassium  Ferricyanide 

1000  cc  Distilled  Water 

20  grams  of  Concentrated  Sulphuric  Acid 
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The  appearance  of  blue  spots  or  lines  on  the  samples  indicates  porosity,  flaking 
cracks,  or  interstices  showing  the  solution  is  in  contact  with  the  steel  core. 

If  this  occurs,  four  additional  specimens  shall  be  prepared  and  subjected  to 
the  ferroxyl  test.  Failure  of  any  of  these  retest  specimens  will  result  in 
rejection  of  material  covered  by  the  tests. 

(2)  The  wrapped  specimen  shall  be  closely  examined  to  deter- 
mine any  imperfections  in  the  wire.  If  any  inclusions,  slivers,  cracks  or 
nodules  are  found  in  tne  surface  metal  the  specimen  will  be  subjected  to  first, 
the  ferroxyl  test  as  described  in  paragraph  2-02c(l);  then  to  a microscopic 
examination  to  determine  the  thickness  of  surface  metal  at  the  imperfection. 
Surface  metal,  not  including  the  imperfection,  should  be  of  a minimum  thickness 
as  required  in  paragraph  1-02.  If  the  specimer  fails  either  of  the  tests,  four 
additional  specimens  will  be  examined.  Failure  of  any  of  the  additional  speci- 
mens will  result  in  rejection  of  the  material  covered  by  the  test. 

d.  Jhi^l^ess^_of_  Coc^ti n£.  Thickness  of  coating  of  bi-metallic  wire 
shall  be  determined  by  one  of  the  following  methods  on  each  200  pounds  of  wire 
from  which  fabric  is  to  be  manufactured: 

(1)  After  thoroughly  cleaning  the  test  specimens  with  carbon 
tetra< hloride , or  other  grease  remover,  they  shall  be  immersed  in  nitric  acid 
for  approximately  30  seconds  or  longer,  and  then  removed  and  quickly  itnnersed 
in  water  to  stop  thn  action  of  the  acid.  This  cycle  shall  be  repeated  until 

the  diameter  of  the  wire  shall  have  been  reduced  at  least  2 times  the  guaranteed 
minimum  tnickness  of  the  metallic  covering  for  a length  of  not  less  than  1/2 

inch.  If  pitting  should  occur  during  this  treatment,  the  specimen  shall  be 

burnished  witn  steel  wool.  At  tnat  part  of  the  wire  which  snows  a reduction 
in  diameter  of  2 times  the  guaranteed  minimum  thickness  of  the  copper  covering 
when  measured  with  a micrometer,  the  wire  shall  remain  covered  with  the  coating. 
If  any  core  metal  should  be  visible  at  any  point  where  the  specimen  measures 

two  times  the  guaranteed  minimum  thickness  of  the  covering  less  than  the  ori- 

ginal diameter,  a microscopic  measurement  of  a duplicate  specimen  shall  be  made. 
Should  the  microscopic  measurement  show  the  covering  to  be  less  than  the  guar- 
anteed minim.jri  thickness  of  the  covering,  the  coil  of  wire  which  the  specimen 
represents  Shall  be  rejected. 

(2)  Removing  sufficient  coating  and  accurately  gaging  with 
suitably  accurate  apparatus. 

(3)  Cutting  off  the  wire,  grinding  smooth,  and  etching  its 
exposed  cross  section,  and  gaging  by  suitably  accurate  apparatus. 

(4)  Using  electrical  indicating  instruments  of  suitable  accuracy 

e.  Flexibility.  (1)  Materials  for  bracket  wires  will  be  further 
tested  for  flexibriity.  Preliminary  investigations  indicate  that  a modification 
of  the  IZOD  Impact  Test  (ASTM,  E23-47T,  Impact  Testing  of  Metallic  Materials) 
will  establish  the  suitability  of  a type  of  material,  strength  and  diameter,  as 
affecting  flexibility. 

(2)  The  test  shall  be  made  with  a pendulum  type  impact  machine 
In  the  manner  prescribed  in  ASTM,  E23-47T  for  the  Cantilever  Beam  (IZOO  type) 
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tests  except  that  the  blow  delivered  shall  be  equal  to  that  delivered  by  the 
Tinius  Olsen  apparatus  (120  ft.  lbs.  IZOD  capacity)  when  the  penduUm  travels 
11  inches  measured  on  tne  chord  (the  Tinius  Olsen  machine  has  a secondary 
safety  stop  at  tnis  position  on  the  pendulum  arm).  The  mechanism  for  releas- 
ing the  pendulum  from  its  initial  position  shall  be  such  that  it  operates  freely 
and  permits  a free  start  without  initial  impulse,  retardation  or  side  sway. 

(3)  The  specimen  shall  be  a straight  wire  of  the  material, 
strength  and  diameter  proposed.  The  specimen  shall  not  be  notched.  The  length 
of  the  specimen,  extending  out  of  the  gripping  device  shall  be  28  mm  (1.102'') 
and  the  striking  mechanism  shall  deliver  the  blow  22  mm  (0.866")  from  the  edge 
of  the  gripping  device. 

(4)  The  striking  mechanism  will  be  allowed  to  deliver  only  one 
blow.  If  the  pendulum  passes  completely  over  the  specimen,  the  specimen  shall 
be  rejected.  The  specimen  shall  be  removed  from  the  vise  after  one  blow  is 
delivered  and  tiie  resultant  deformation  measured.  Only  materials  resulting  in 

a permanent  deformation  angle  between  22  and  35  degrees  will  be  considered  satis- 
factory. 


One  flexibility  test  shall  be  made  from  each  coil  of  ap- 
proximately 1,000  pounds  of  wire. 

f.  Frequency  of  Tests.  After  demonstration  of  uniformity  of  quality 
of  production,  the  frequency  of  the  tests  prescribed  in  paragraphs  2-02a,  b, 
c,  d and  e above,  may  be  reduced  to  one  test  each  for  each  4,000  pounds  of  wire 
from  which  fabric  is  to  be  manufactured  and  one  test  for  each  4,000  squares  of 
fab'^ic  P'an'jfact'j’'''d . 

2-03.  Packaging.  The  fabric  shall  be  packed  in  bundles  of  300  squares 
of  fabric  laid  flat  on  a stout  cradle.  The  fabric  shall  be  securely  fastened 
or  tied  on  the  cradle.  Ttie  cradles  shall  be  so  designed  and  constructed  that 
handling  loops  attached  to  a lifting  frame  may  be  swiftly  and  easily  applied  to 
lift  the  whole  cradle  and  bundle  without  damage.  All  fastenings,  ties,  hand- 
ling slings,  etc.,  shall  be  applied  in  such  a manner  that  the  fabric  will  not 
be  damaged  of  bent  in  handling. 

All  cost  of  packing  and  preparing  for  shipment  shall  be  included 
in  the  price  bid  on  the  fabric. 
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